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INTRODUCTION 


O DOUBT the two decades just passed will be remembered as the period of 

most rapid expansion and development in the surgical approach to the 
treatment of intrathoracic lesions. This development came considerably later 
than corresponding technical developments in the surgery of other regions of 
the body. If we were to speculate why this was so, we would almost certainly 
conclude that it was because the earlier thoracic surgeons found it necessary first 
to become practical physiologists in order to understand and attempt to prevent 
the disturbances of respiration associated with pneumothorax hefore direct 
operative intervention could be contemplated upon intrathoracie lesions. 

It seems certain that there was an undue fear of open pneumothorax in man 
and this was probably due to the experiences with open pneumothorax in the 
laboratory. A unilateral pneumothorax in at least some of the common labora- 
tory animals is the equivalent of a bilateral pneumothorax in man. In the dog, 
for example, the mediastinal membrane is exceedingly thin and flimsy and there 
is a large open communication between the two pleural cavities. Even today it 
is not always easy to translate our experiences from the laboratory to the elinie, 
even though the fundamental physiologic principles remain the same. But if 
our laboratory experiences cause us to approach the contents of the thorax in 
man with undue eaution, it is not difficult to contemplate the retardation thoracic 
surgery would have suffered without the laboratory as a proving ground. As we 
follow the early developments in thoracic surgery we see the pioneers become 
infected with ideas as a result of their contaet with both the clinie and the 
laboratory. As to the problem of open pneumothorax, we can clearly trace the 
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infection of ideas through such surgeons as Brauer, Von Mikulicz, Sauerbruch, 
Willy Meyer, Graham, and Crafoord, to mention only a few. As a result, we 
find that today transpleural operations are as safe as laparotomies. 

This does not mean that all the physiologic problems of open pneumothorax 
are solved and that everyone is in full agreement.’* On the contrary, there are 
probably few subjects on which so many controversial opinions have been ex- 
pressed in recent years. It is the purpose of this paper to discuss our physio- 
logie concepts of the most fundamental phenomena of open pneumothorax and 
also to discuss our own approach to the problem of integrating control of physio- 
logie disturbances of pneumothorax with anesthesia. 


FACTORS AFFECTING PULMONARY VENTILATION IN OPEN PNEUMOTHORAX 


In the unanesthetized, intact individual, the level of pulmonary ventilation 
is determined principally by the metabolic rate, due to the extreme sensitivity of 
the respiratory center to the increase or decrease of CO, tension. For example, 
a lowering of alveolar CO, from 5.6 per cent to 5.0 per cent by voluntary hyper- 
ventilation will produce apnea. This form of apnea is not respiratory failure 
since the respiratory center is very much alive, providing extreme and prolonged 
hypocapnea is avoided, and when the CO, tension returns to a normal level, 
respirations are resumed. On the other hand an increase of the CO. content of 
the inspired air decreases the pressure gradient for CO. outflow from the body. 
A 3 per cent concentration of CO, in the inspired air will cause doubling of the 
minute volume of respiration while a 6 per cent concentration of CO, in the 
inspired air will cause an eightfold increase in minute volume. 

The alveolar CO, is in this way maintained fairly constant by increased 
minute volume of exchange to compensate for diminished pressure gradient until 
the content of the inspired air nearly equals the normal alveolar concentration. 
This compensation depends upon the action of an alert respiratory center and 
adequate motor respiratory mechanisms. 

One of the objectives during transpleural operations should be to maintain 
pulmonary ventilation that will exactly take care of the metabolic needs 
of the body. It has been shown by a number of investigators®*? during the past 
forty years that under conditions of anesthesia, with beginning pulmonary in- 
sufficiency there is greater interference with CO. elimination than with O. en- 
tranee. Many premedicant drugs and anesthetic agents reduce the sensitivity 
of the respiratory center to CO.. Morphine, barbiturates, and eyclopropane are 
almost specific in this regard. Light ether anesthesia stimulates respiration, but 
deep ether anesthesia depresses the sensitivity of the respiratory center to CO>. 
For this reason, the response of the respiratory mechanism to CO, accumulation 
is not as great as in the normal unanesthetized individual. In practice, it has 
been possible to compensate for hypoxia by increase in the partial pressure of 
O. in the inspired mixture. If an increased pressure gradient of O. between 
inspired and alveolar air is necessary to oxygenate the blood, it is obvious that, 
if respiratory volume remains constant or is limited in reserve, the pressure 
gradient of CO. must be equally exaggerated in the opposite direction by ac- 
eumulation of CO, in the blood stream and alveoli to permit CO, to diffuse from 
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the body. This condition of excessive CO, accumulation may exist because of the 
unresponsiveness of the respiratory center and the compromised respiratory 
motor mechanisms in the anesthetized patient with open pneumothorax.’ In this 
state of beginning pulmonary insufficiency the normal warning signs of hy- 
perpnea which normally indicate accumulating CO, do not appear. In some 
instances of deep anesthesia the principal factors responsible for maintenance of 
spontaneous breathing may be reflex stimulation due to wound trauma or to 
pulmonary, aortic, and carotid sinus reflexes. When these reflexes are withdrawn 
apnea may supervene, representing true respiratory failure.® 

Mechanical factors that interfere with pulmonary ventilation are quite 
obvious but are not always easy to evaluate quantitatively. 

Position on the operating table’ will reduce vital capacity as much as 15 
per cent even before the chest is opened. We do not know of any vital 
capacity measurements made on human subjects with open pneumothorax but 
it appears probable that the remaining vital capacity would be reduced by 50 
per cent or more. 

In the absence of breathing against positive pressure or obstruction, there 
is little pressure fluctuation in the trachea and bronchi during the respiratory 
cycle, a maximal gradient of 3 mm. mercury being sufficient to move the air in 
and out of the lungs. This pressure fluctuation is not sufficient to provide a 
significant volume change in the lung on the side of an open pneumothorax. 
When the patient is breathing into a taut breathing bag maintained at positive 
pressure by the constant addition of oxygen or other gases, there may be a con- 
siderable pressure variation during the respiratory cycle, depending upon the 
size and elasticity of the breathing bag. The pressure is maximal at the end of 
expiration, and minimal at the end of inspiration. It is obvious that the lung 
volume on the side of the pneumothorax will be determined by the intrabronchial 
pressure and that any fluctuation in the volume of that lung will always be 
opposite in direction to that of the intact lung. To our knowledge, no observa- 
tions have been made of the volume of this pendulum air in patients under 
various breathing conditions but it would seem that in some instances there 
would be sufficient pendulum air to be physiologically significant. Under con- 
ditions of obstruction of the airway, the pendulum air exchange between the 
two lungs increases as the degree of obstruction becomes more severe, until the 
only transfer of air is between the two lungs. 

There are compensatory mechanisms that prevent the development of CO, 
retention the moment a large open pneumothorax is made in man.» ?2 Sueh 
compensation depends to some extent upon the large reserve breathing capacity 
in the normal intact individual. Under conditions that approximate a basal 
state, 10 per cent or less of the breathing capacity is utilized. 


When a free pleural cavity is widely opened under local anesthesia or a 
light plane of ether anesthesia without any provisions for elevating intrabron- 
chial pressure during any phase of the respiratory cycle, there is an immediate 
and vigorous increase in the respiratory effort. This is due to reflex stimulation 
of the respiratory center via the vagus nerve as a result of the sudden collapse 








286 THE JOURNAL OF THORACIC SURGERY 


of the lung on the side of the pneumothorax to approximately one-third of its 
original volume by virtue of its elastie recoil. The reflex stimulation of the 
respiratory center acts to compensate for any interference with pulmonary 
ventilation caused by the pneumothorax. 

Other reflexes of importance are those from the wound which may either 
stimulate or inhibit respiratory effort and those from the larynx, trachea, and 
bronchi which either inhibit inspiration or stimulate powerful and prolonged 
expiration, the equivalent of a cough. The chemically originated reflexes from 
aortic and carotid sinus mechanisms are especially important when there is 
depression of the respiratory center to direct chemical stimulation in beginning 
pulmonary insufficiency. 

Increased breathing effort in open pneumothorax will be reflected in a rise 
of the metabolic rate. The end result of all the changes in breathing in open 
pneumothorax will depend upon a quantitative summation of the individual 
factors contributing to and compensating for pulmonary insufficiency. But 
even though the pulmonary ventilation may keep up with the metabolic needs, 
this is accomplished with reduction of reserve breathing capacity. Ideally, it 
would be better at all times to have available the full physiologic reserves of 
the patient. 


THE EVOLUTION OF AUGMENTED AND CONTROLLED PULMONARY VENTILATION 


In 1555 Vesalius stated that ‘‘repeated inflations of the lungs’’ were neces- 
sary to maintain a vigorous heart action in the presence of bilateral pneumo- 
thorax in animals.'* In physiologic laboratories, this method of pulmonary 
ventilation was universally adopted in thoracic exposures after the work of 
Volhard,® who, in 1908, described a simple mechanism for intermittent inflation 
of the lungs. He used this mechanism to maintain the respiration in curarized 
animals. 

Thoracic surgeons, however, were thinking in terms of constant pressure 
differentials and were building pressure chambers. These soon gave way to the 
use of constant flow positive pressure with tracheal intubation and a closed 
carbon-dioxide absorption system, This was the status of an anesthesia for 
thoracic surgery ten years ago. Anyone working on thoracie problems in the 
laboratory and seeing the clinical thoracie surgery of that time must have won- 
dered why clinical thoracic anesthesia could not be managed in much the same 
way as the laboratory anesthesia, since the latter was certainly better. 


TECHNIQUE OF MECHANICALLY AUGMENTED AND CONTROLLED BREATHING 


In 1940 a preliminary report was presented to this society'* concerning our 
efforts of the previous three years to add mechanically produced intermittent 
pressure to anesthesia for clinical thoracic surgery. Reports of Crafoord’s* 
work in Stockholm were received with great interest both as to basic physiologic 
needs for better pulmonary ventilation and as to the mechanical approach to the 
problem. Crafoord’s spiropulsator seemed a bit too complicated. While we 
have developed a much simpler device, we believe there is still ample room for 
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technical improvement. We have attempted to determine whether it should 
supplement or be a substitute for manual compression of the breathing bag, a 
practice that has become more frequent since the use of anesthetic agents such 
as cyclopropane, Pentothal, and curare which commonly produce varying degrees 
of failure of the respiratory mechanism. 

We proceeded with caution in our initial application of this device to 
patients. At first we waited for instances of respiratory failure and had an 
opportunity to use our device in a considerable number of such cases simply as 
a pulmonary ventilator. These cases included a number of attempted resus- 
citations from ventricular fibrillation and cardiac standstill, and several patients 
with apnea from inereased intracranial pressure due to head injuries and brain 
tumors. <All except one of these patients eventually died from their original 
trouble. One patient with a brain tumor was operated upon in apnea and com- 
pletely recovered after removal of a meningioma. One patient who had a medul- 
lary paralysis due to spinal anesthesia was carried for an hour in apnea and 
completely recovered. By this means we satisfied ourselves that, in the presence 
of apnea, adequate pulmonary ventilation could be provided in the patient with 
an intact thorax. This is a more severe test than in open pneumothorax since 
in addition to producing pulmonary expansion, the foree of the positive pressure 
must move the chest wall, diaphragm, and abdominal contents in order to make 
room for lung expansion. 

It has only been during the last three and one-half years that we have had 
ample opportunity to employ this device in an adequate number of transpleural 
operations so as to be able to answer some of the questions that arise regarding 
augmented and controlled breathing by mechanical means. We have used this 
method in only two general situations: (1) In open pneumothorax procedures, 
and (2) In patients with respiratory failure, as previously discussed. 

Unless otherwise designated, the anesthetic agents have been nitrous oxide 
and ether until pneumothorax is produced, after which only ether and oxygen 
are added to the system unless there is gross leakage, in which case nitrous oxide 
may again be added. We may belong to a minority in adhering to ether for 
thoracie surgery but we believe that many complications which in the past have 
been attributed to ether irritation are now known to have been more likely due 
to such factors as chronic malnutrition and protein depletion, indiscreet use of 
intravenous fluids, and failure to take the necessary precautions to insure dry 
air passages during and after the operation, ete. 

At first we were using intratracheal tubes only when there was likely to be 
hlood or secretions in the air passages, including all pulmonary resections. 
More recently, we have been using such tubes in all patients (exeept infants and 
small children) and find the Magill tube with an inflatable euff most advan- 
tageous. This prevents inflation of the stomach, which was objectionable in 
some of the earlier operations. The only complication observed due to the use 
of these tubes has been slight hoarseness. 

No intrapulmonary pressure is allowed to build up before the pleural cavity 
is opened. When the pleura is opened, intermittent pressure is started at a 
rate of 12 to 16 per minute with peak pressures generally set for 15 mm. mereury. 











288 THE JOURNAL OF THORACIC SURGERY 


In addition, a safety value prevents pressures of over 20 mm. mereury from 
being applied. Frequently, a rate ean be chosen about one-half that of the 
patient’s respiratory rate so as to fit the mechanical breathing smoothly into 
the procedure. A little time must be taken by the surgeon to make certain that 
both lungs are responding to the intermittent pressure; vccasional suctioning, 
adjusting the patient’s position, tracheal tube, ete., are necessary before good 
bilateral expansion of the lungs is obtained. 

Slight hyperventilation is carried out immediately after opening the pleura, 
with the soda-lime absorber in the cireuit. This generally produces apnea in a 
few minutes, at least to the point that intercostal muscles cease to contract and 
diaphragmatic action is reduced to an ineffective level. Under such conditions 
it is possible frequently to test the state of the respiratory center by allowing 
CO, accumulation. An active center will show a rapid response by increased 
diaphragmatic activity. Diminution of respiratory effort when CO, is again 
absorbed is proof that the pulmonary ventilation is adequate. 

Prior to the use of curare it had been necessary to increase the depth of 
anesthesia beyond that required for the surgical procedure in order to block 
stimuli which interfered with taking over control of breathing in some patients 
who were more difficult to control. We have not favored the production of 
central respiratory failure by drugs or anesthetic agents although this seems 
to have become a customary procedure in the hands of others. 

Intocostrin or d-tubocararine is now used with increasing frequency in our 
thoracic patients to diminish the force of the patient’s respiratory effort until 
the respirator has assumed control.1> Usually, with patients under ether anes- 
thesia, doses of 20 units repeated from two to five times during a three- to four- 
hour procedure suffice for the initial assumption and maintenance of control. 
Most of these patients have been carried in upper plane 2 of anesthesia, but 
with the increasing use of curare we are learning to carry the patients in a 
lighter plane of anesthesia. Deeper planes of general anesthesia are to be avoided 
due to the detrimental effect on the circulation. 

We have been somewhat disappointed in the contribution of curare to the 
technique of intubation for, on two occasions following the use of this drug, the 
vocal cords were seen, on direct laryngoscopy, to be held in close apposition. 
In these instances the depth of anesthesia was inereased after which intubation 
was performed without difficulty. 

The most serious problem is concerned with gauging the depth of anesthesia, 
since mechanical breathing as well as other types of controlled respiration may 
be effective in overdosing the patient with anesthetic agent. Signs of eyeball 
motility and estimation of the degree of muscular relaxation by eyelid and jaw 
tonus are useful aids in this respect, but these may be much less reliable when 
curare is used. Occasional momentary cessation of artificial respiration and/or 
permitting accumulation of CO. as previously described with subsequent ob- 
servation of the promptness with which the diaphragm is stimulated is a good 
index both of the depth of anesthesia and of status of the respiratory center. 
One particularly helpful approach to this problem of determination of depth 
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of anesthesia lies in the fact that a stable anesthesia is obtained before the start 
of controlled breathing and the anesthetist then learns the patient’s anesthetic 
requirements before assuming control of respirations. 

Complete control depends upon the skillful combination of anesthesia and 
hypocapnea. Greatly excessive hyperventilation can be detrimental to the 
respiratory center since under these circumstances, a marked depression occurs 
from which recovery dues not immediately take place. We do not believe that 
this degree of hyperventilation is likely to take place with the rates and peak 
pressures we have recommended. Such a depression can be avoided by the 
maintenance of some slight diaphragmatic activity and the danger minimized 
by careful observation of the patient during the return to spontaneous breathing. 
There is no reason to believe that respiratory center depression by severe hypo- 
capnea is of equivalent or greater detriment to the patient than anesthetic 
depression. 

CLINICAL APPLICATION 

Mechanically controlled respiration has been used in 115 eases and these 
are briefly summarized in the table. Three (3) groups of observations are not 
ineluded in the table: (1) the state of the circulation during and at the end of 
the operative procedure; (2) the respiration in the postoperative period; (3) 
the postoperative febrile reaction. 

Circulation.—In Group 1 of the table there were two patients who showed 
sharp drops in blood pressure soon after the onset of controlled breathing: 
260/160 to 70/40 in one instance and 160/105 to 90/50 in another. These were 
thought to be the result of hyperventilation and in each instance there was a rise 
with CO. accumulation. In five instances the systolic blood pressure fell to 80 
or below when working around the aortic arch while completing a high esophago- 
gastric anastomosis. There was one instance each in Groups 2 and 3 of hypo- 
tension associated with hemorrhage, and another in Group 4 when a dense sear 
was being freed from the heart in a patient with almost no cardiac reserve. 

At the end of all procedures the blood pressure was below 90 systolic in 
three instances in Group 1, once in Group 2, and once in Group 6. All of these 
except two showed a good initial recovery. 

Blood transfusions were used in an effort to replace blood loss. Intravenous 
erystalloid solutions were used sparingly. Much preoperative attention was 
directed at correction of malnutrition which was thought to be one of the most 
important causes of postoperative disturbances in body fluids. 

Respiration—In returning to spontaneous breathing, the respiratory effort 
was gradually allowed to return during the closure of the chest, There was 
only one instance in which there was severe respiratory difficulty at the close 
of the operation. This was due to trapped air in the right pleural cavity after 
resection of a carcinoma of the midesophagus. There had been a bilateral pneu- 
mothorax and air was trapped on the right side of the chest when the esophago- 
gastric anastomosis was pleuralized with mediastinal pleura. Normal breathing 
resumed as soon as the trapped air was removed. Most of the earlier long and 
difficult cases showed transient respiratory depression after discontinuing the 
anesthesia, which probably was due to the level of anesthesia which had been 
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maintained. Now this is being avoided by the use of lighter anesthesia in com. 
hination with curare. The average recovery time shown in the chart is much 
longer in the earlier than in the more recent cases. 

Objectively, the respiratory difficulties did not seem severe except in the 
fatal eases and these were all in patients who showed minimal response to our 
attempts at preoperative preparation, and were otherwise a difficult group in 
which to effect any real improvement. 

Postoperative Febrile Reactions—Numerous factors contribute to the post- 
operative elevation of temperature and it is doubtful whether this will offer any 
crucial information, but we feel it should be mentioned. The postoperative 
elevation in temperature seemed to bear little relationship to the operative pro- 
cedure. The maximum temperature was reached on the first to third post- 
operative day in the majority of instances with a return to normal by the fourth 
to sixth day. In spite of the fact that penicillin was used freely pre- and post- 
operatively, about one-half the patients reached a maximum temperature of 
between 39° and 40° C. None of these primary elevations were sustained for 
any length of time in the patients that recovered, A number of patients 
showed a secondary rise, generally not as high as the primary rise, and lasting 
for a variable length of time, occasionally associated with the formation of 
pleural fluid. The infection rate did not seem unreasonable taking into account 
the poor nutritional state of some of the patients and the degree of pleural 
contamination in many of the resections of the gastrointestinal tract. In 
nearly all instances, the chest was closed tightly without suction drainage, 
fluid and air being removed by needle aspiration when indicated. 


GROUP 1. TRANSPLEURAL RESECTIONS OF ESOPHAGUS AND STOMACH 


This group afforded the most rigorous test of our method of management. 
The procedures were of long duration and in several midesophageal lesions, 
bilateral pneumothorax was produced without incident except in one case after 
closure as previously mentioned. We feel that these patients were kept in a 
good physiologic state during operation. The principal limiting factor was the 
nature of the disease being treated. 

GRouP 2. PNEUMONECTOMY 

Controlled breathing kept the unobstructed parts of the lung whieh was 
undergoing resection somewhat distended and in a functional state as long as 
the circulation to it was not obstructed. This necessitated some packing off and 
retraction of the lung during isolation of the vessels. Pulmonary veins and 
artery were all generally dissected free before ligation and division were carried 
out. Naturally, when the vascular structures were divided, pulmonary function 
ceased in the lung which was being resected. Complete control of breathing 
after ligation and division of the pulmonary vessels has generally not been 
maintained. However, respiratory effort has been kept sufficiently quiet by 
augmented breathing so that closure of the bronchus, irrigation of the pleural 
cavity, and pleuralization of the mediastinum could be carefully carried out 
without undue haste. 
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There was one fatality just after the completion of a left pneumonectomy. 
This was in a patient who originally had severe pneumonia complicated by lung 
abseess and empyema which eventually resulted in a lattice lung with multiple 
bronchial fistulae. After phrenicectomy, the lattice lung cavity was surgically 
closed but intrapulmonary suppuration led to the development of a saccular 
bronchiectasis of the entire remaining left lung. Severe hemoptysis made it 
necessary to undertake pneumonectomy, which was carried out with great diffi- 
culty but completed only after a rather severe hemorrhage was controlled. After 
closure of the chest, the patient’s condition was poor. The tracheal tube was 
removed prematurely and the patient asphyxiated from the aspiration of 
regurgitated gastric content. Resuscitative measures were of no avail. 

In two pneumonectomies the left pulmonary veins were ligated and divided 
intrapericardially, due to the fact that a tumor of the left lower lobe was ad- 
herent to the pericardium. One patient made an uneventful recovery, the other 
died on the seventh postoperative day, apparently of heart failure. 


GROUP 3. PULMONARY LOBECTOMY 

The group includes two patients with lung abscess, one being fairly acute, 
and two patients with pulmonary eysts, one of which had been drained on two 
occasions for an empyema. All lobectomies were done by the individual ligation 
and division of vascular structures and bronchi. The rhythmie expansion of the 
pulmonary segment adjacent to the one being resected could be constantly noted 
as an indication of the patency of the air possages 

In one instance there was rather severe hemorrhage from the pulmonary 
artery. It was thought that the absence of respiratory movements of the thorax 
facilitated the task of applying pressure and maneuvering until the exact bleed- 
ing point of the vessel could be secured. 


GROUP 4. PERICARDIECTOMY FOR CHRONIC CARDIAC COMPRESSION 

These patients have a marked decrease in cardiorespiratory reserve. Any 
factors that interfere with the venous return during the period before the scar 
is removed and the ventricles are freed are dangerous to the patient..° '* Any 
form of continuous positive pressure anesthesia is to be avoided for this reason. 
In the earlier cases great care was taken to avoid entering the pleural cavity. 
More recently the pleural cavity has been widely opened in a small group of 
patients and intermittent positive pressure used to ventilate the lungs. Even 
intermittent pulmonary pressure may interfere with blood flow by compression 
of the pulmonary vascular bed, but if the pleura is open, there should be no 
added compression of the heart. Tracheal intubation has frequently been 
omitted when it was thought that a free airway could be maintained without 
intubation. 


GROUP 5. LIGATION OF ‘THE PATENT DUCTUS ARTERIOSUS 


These patients were among the least difficult to manage on mechanieally 
controlled breathing. They were young but not so small as to be difficult to 
manage. The pleura is almost always free from adhesions and the chest wall 
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SUMMARY OF 115 CASES— 





| CASES 


26 


OPERATIONS 
Transpleural resections of 
esophagus and stomach 


Pneumonectomy 


Pulmonary lobectomy 


Pericardiectomy 





Ligation patent ductus 
arteriosus 





Exploratory thoracotomy 


15 Carcinoma of esophagus 





AVERAGE | 
AGE | 


AVERAGE DURATION 





TOTAL | RESPIRATOR 





DIAGNOSIS (YR.) 
60.5 
(except 
1 ear- 
cinoma 
fundus, 
26) 


2 Strictures of esophagus 
9 Careinomas of the 
fundus of the stomach 





Chronie inflammation 
Bronchial adenoma 


| ir. | MIN.| HR. | MIN. 


3 52 2 53 








Bronchiectasis 
Lung abscess 
Pulmonary cyst 





Chronic cardiac 
compression 





’atent ductus arteriosus 





Carcinoma esophagus 
Carcinoma stomach 
Carcinoma lung 

Gun shot wound 





Miscellaneous 


Sympathectomies 
Cyst mediastinum 
Achalasia esophagus 
Diverticulum of esophagus 











Transpleural vagotomy 


Peptic ulcer 





Repair diaphragmatic 
hernia 


is light and easily expanded. 
closely approximates our experiences with controlled breathing in the laboratory. 

One important practical consideration should be observed when the opening 
in the pleura is not large, and this is true in most heart operations and also in 
such operations as thoracic sympathectomies when an opening is made in the 
pleura. Every effort should be made by the operator to permit a free exchange 


) Hiatus hernia 5 mo. 
Traumatic hernia to 
2 Congenital hernia 


The management of this group of patients most 
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UGMENTED OR CONTROLLED BREATHING 





ANESTHESIA 
| EARLY 
POSTOPERATIVE | 
RESULT 
(FIRST WEEK) 
SATIS-| DEAD 
FAC- 
WAKE BY TORY | POOR 
NURSE | RE- | CONDI- | 
ik. | MIN. | COVERY| TION 


21 5) 


ME AFTER 
/PERATION 


TIME AND CAUSE OF 
HOSPITAL DEATHS 

2 on second P.O. day: from pleuro- 
mediastinitis und pneumonia 
on fourth P.O. day 
on seventh P.O. day 
on sixth P.O. day in patient doing 
well: from pulmonary embolism 
(autopsy) 
on seventeenth P.O. day, perforation 
of aorta at site esophagogastric 
anastomosis 
on eighteenth P.O. day in patient who 
improved initially, then declined. 
There was necrosis of gastrie tube 
and mediastinitis (autopsy) 

} died later in hospital of residual 
carcinoma 
death 20 min, P.O. shock and 
aspiration (see text) 
death sixth day heart failure 


None 











in 24 hr. in patient with calcified 
myocardium; 1 in 6 weeks, general- 
ized miliary tuberculosis 

None 

on first P.O, day, shock, pleuritis 


on second P.O. day, pneumonia 
on seventh P.O. day, pneumonia 


All advanced inoperable malignancies 


on twelfth P.O. day in severe hyper- 
tensive, none that developed wound 
infection and uremia after sympath- 
ectomy 

on twelfth P.O, day from Guillain- 
Barre syndrome with respiratory 
paralysis; autopsy showed infectious 
neuronitis of spinal cord and medulla 


None 








TRANSPLEURAL OPERATIONS ave 


OTHER P. 0. COMPLICATIONS 





obstruction at site of jejunostomy, 
relieved by Miller-Abbott tube 
2 developed late empyema 


| empyema in 4 weeks due to opening 
of bronchus 


1 empyema in 4 weeks with develop- 
ment of bronchial fistula (chron- 
ically infected pulmonary cyst) 

2 localized empyemas 


None 


and left hospital 


None 


None 


bilateral thrombophlebitis with 

multiple pulmonary emboli (large 
traumatic left diaphragmatic hernia 
five vears’ duration 


of air into and out of the pleural opening to facilitate lung expansion by the 


intermittent pulmonary pressure. 
of the surgeon to cover the opening with tapes and 


There is sometimes a tendency on the part 


retractors. This interferes 


with the expansion of the lung in the air-filled hemithorax and, therefore, with 


the control of breathing. 


This interference can be avoided by the maintenance 


of an open pneumothorax during the period of controlled breathing. 





THE JOURNAL OF THORACIC SURGERY 


GROUP 6. EXPLORATORY THORACOTOMY 

This procedure was carried out in a heterogeneous group of patients, most 
of whom had inoperable lesions, mostly malignancies. Many of these patients 
had synechiae of the pleural cavities and fixation of the mediastinal structures. 
Mechanical control of breathing was more difficult in this group before the use 
of curare. Better mechanical ventilation was possible after a considerable part 
of the lung on the side of the pneumothorax was freed from the chest wall so 
that the volume change in the lung could be independent of the movement of 
the chest wall. 


GROUP 7. MISCELLANEOUS 


There are no special problems in these patients that are not discussed in 


connection with the other groups. 


GROUP 8. VAGOTOMY 

As a group, these patients should offer an excellent opportunity to observe 
the effects of anesthesia alone since the effect of the disease and of the operative 
procedure are minimal. However, to obtain highly significant data about the 
role of technique of anesthesia would require many more cases, One death 
following this procedure was due to an ascending myelitis of the spinal cord, 
proved by autopsy, and in all probability not related to the anesthesia. This 
probably represents a very unusual complication and the possibility must be 
considered that the myelitis was in some way related to the operative procedure. 


GROUP 9.) DIAPHRAGMATIC: HERNIA 


The transpleura] approach has been used in all diaphragmatic herniae. All 
patients did well except one who developed a severe bilateral thrombophlebitis, 
the first sign of whieh was a massive pulmonary embolus, which the patient 
survived. 

SUMMARY 

Physiologie principles involved in the respiration of open pneumothorax 
are discussed and the evolution of augmented and controlled breathing by 
mechanical means is reviewed. Experiences with 115 patients are tabulated and 
discussed, The interrelationship of the effects of hypoecapnea, ether, and curare 
in the mechanical control of breathing are discussed. 


CONCLUSIONS 


As a result of our experience, we believe that there is a need for continued 
development and application of mechanically controlled respiration in thoracic 
surgery. However, it should be emphasized that a mechanical device is in no 
way a substitute for skill, knowledge, and experience in the management. of 
anesthesia for thoracic surgery. It merely offers standardized control with a 
range and variability of action sufficient to meet the needs of the patient as 
determined by the anesthetist. 
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It should be pointed out that, as far as determining the quality of our 
method of management is concerned, the study of the present small heteroge- 
nous group of patients would only be of value in bringing to light serious 
hazards of the method. No such complications of our method were noted. 
Whether the method, as outlined here, will be of any permanent value will be 
determined by future development and application. 
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DISCUSSION 


DR. CLAUDE 8, BECK, Cleveland, Ohio.—I hesitate to comment on this subject because 
thoracic surgeons have done so many major operations without mechanical respiration. On 
those occasions when you do get into difficulty during operation you have the anesthetist 
compress the gas bag a few times. The heart action improves as does also the color, and the 
surgeon almost always is able to proceed to a successful conclusion of the operation. There 
are occasions, however, when the course of events is not as favorable as one might desire; 
compression of the gas bag by the anesthetist does not restore cardiorespiratory function. 

I remember well a patient whose life was saved by the use of mechanical respiration. 
This patient had increased intracranial pressure and stopped breathing when he was placed 
on the operating table. An intratracheal tube was inserted and mechanical respiration was 
given. The skull was opened and a meningioma was removed from the‘tentorium. This 
required several hours and during this period respiration was carried out by the breathing 
machine. Toward the end of the operation the patient was breathing on his own. I do not 
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believe that compression of the gas bag by hand would have been adequate to carry this 
patient along for several hours before his breathing center regained function and I believe 
mechanical respiration by means of the respirator was a factor in recovery. 

The anesthetist can help the patient a great deal by manual compression of the gas bag 
when the only requirements are several full inflations of the lungs. If either respiration or 
cireulation is threatened with a breakdown over a long period of time, then it is my feeling 
that manual compression of the gas bag is not adequate. In this situation the lungs should 
be inflated and deflated to the proper degree with each respiration. 

When respiration ceases or when the heart stops beating, then proper pulmonary ven- 
tilation becomes a requirement. This ean be accomplished by the use of a respirator, Dr. 
Mautz has made a satisfactory respirator. It works on the principle of compression of a gas 
bag by means of air pressure rhythmically applied to the bag. The fact that air pressure is 
necessary limits its use. In the Army hospitals and in many civilian hospitals air pressure 
has not been available in the operating rooms and I hope we can make a more simple respirator 
which ean be run by an electrie motor. 

I want to make this concluding remark: I believe every operating room should be 
equipped with a respirator which can take over the job of breathing for the patient. 

Addendum.—On June 23 I operated upon a patient for funnel chest. At the conclusion 
of the operation the blood pressure disappeared and the heart beat could not be felt. Mechan- 
ical respiration was given and massage of the heart was carried out. Electrocardiogram 
showed a dying heart in ventricular fibrillation. It was one hour and ten minutes before we 
were able to defibrillate the heart and mechanical respiration and massage were necessary for 
a considerably longer period of time after the ventricles were defibrillated. The beat was 
very weak but after another hour it became stronger. Complete recovery followed. In this 
instance, which in so far as I know, may be the first case of suecessful defibrillation, mechanical 


respiration was a requirement for recovery. 


DR. FREDERICK G, KERGIN, Toronto, Ont.—We have been concerned about the 
question of anoxia during certain thoracic operations, and particularly in those cases where 
the opposite side is the site of bronchiectasis, and even more particularly in the second side 
of bilateral cases. 

In order to study this problem we have used a machine called the oximeter, which gives 
continuous estimations of the oxygen saturation during operation. In fifty-eight observations 
on major cases we have found that during the course of pneumonectomy or lobectomy there 
is a steady, slow fall in the degree of arterial oxygen saturation to 80 or 85 per cent, and 
in some cases to 60 or 70 per cent—levels which are probably dangerous. We have found 
that this can be compensated almost invariably by positive pressure anesthesia:of 15 mm, of 
mercury. This appears to be due to a gradual atelectasis in the contralateral lung, associated 
with a shift in the mediastinum. 

We are coming now to the point that Sauerbruch suggested many years ago, operating 
with positive pressure on the contralateral lung. Our observations will be continued and 
will be reported later. 


DR. F. R. MAUTZ, Cleveland, Ohio,—I would like to emphasize just one thing which 
I did not have an opportunity to go over in detail in the presentation. 

It isn’t enough that we take care of anoxia. We must get the CO, out, and there have 
been reports in this connection, especially with the use of cyclopropane, in which very high 
levels of CO.—over 100 volumes per cent—have been found after several hours of anesthesia, 
with a shift of the pH to below 7.9, and I think there is a real difficulty here of which we do 
not have any good clinical evidence in some of these long transpleural operations. 




















CANCER OF THE LUNG 


INTERVAL AND LATE RESULTS OF OPERATION IN RELATION TO TOPOGRAPHY AND 
Gross PATHOLOGY 


Haroup Neunor, M.D., anp ArtuHur H. Aurses, M.D. 
New York, N. Y. 


HE literature on interval and late results after pulmonary resection for 
feat consists largely of statistics pertaining to survival for varying 
periods of time. It lacks information as to a possible relation of the gross 
pathology or the topography to the results and, therefore, leads to the assump- 
tion that one has no significant bearing upon the other. Occasionally an author 
relates certain microscopic features to prognosis but, in the main, the liter- 
ature is decidedly uninformative as to a link between the type of tumor and 
the result of operation, as well as between the extent of regional lymph node 
involvement and the operative result. As to the question of lobectomy, that is 
usually dismissed with the statement that only pneumonectomy ean be antici- 
pated to offer a cure for cancer of the lung. 

At two previous meetings of The American Association for Thoracic Surgery, 
a topographic classification of cancer of the lung was proposed, and argu- 
ments were advanced to support our contention that the classification should be 
used as a basis for operability and, therefore, for prognosis. We now submit 
an analysis of the results of operation based on such a classification, hoping to 
prove its usefulness. Furthermore, we hope to show that prognosis based on 
microscopic features cannot be made with any assurance, and that lobectomy 
based on topographic features has its place in the surgery of cancer of the 
lung. 

We feel that this analysis is timely; our period of observation of a suffi- 
cient number of eases, fifty-two recoveries after pneumonectomy and _ lobec- 
tomy, is of such duration as to warrant a consideration of interval and late 
results after both procedures. The fifty-two cases comprise consecutively op- 
erated patients who were discharged from the Hospital after pulmonary resee- 
tions between January, 1935, and December, 1945. There are no omissions. 
The follow-up is 100 per cent, none of the patients having disappeared from 
observation. An eleven-year survival after pneumonectomy for sarcoma, and 
other more or less prolonged survivals after operations for other forms of malig- 
naney are excluded. Two cases of minute bronchial carcinoma are also ex- 
cluded, but because of their unique character they are reported at the end of 
this paper. ; 

Operations were performed on the basis of favorable topographie and 
gross pathologie features. As a rule, age or general condition played no role 
when the topography and pathology were conducive to surgery. Patients with 
involvement of hilar lymph nodes were given resection when surgical eradica- 
tion appeared to be feasible, but, in our opinion, a frozen hilus or invasion of 
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mediastinal nodes rendered patients inoperable. So-called palliative pneu- 
monectomy was not practiced. There were a few exceptions in which involved 
mediastinal nodes were discovered after the hilus had been severed in whole 
or in part. It should be stated here that none of these patients survived more 
than one year. 

The group subjected to lobectomy had circumscribed tumors situated in 
the periphery of lobes, in which regional lymph node involvement did not ex- 
ist or was thought to be absent. Reference will be made to errors in interpreta- 
tion and judgment in this group, which, in a few instances, led to incorrect 
management. Some of the tumors were of unusually large size, and virtually 
a whole lobe was involved in a few eases. Nevertheless, if a clean dissection of 
the hilar structures could be performed, lobectomy was adhered to on the basis 
of topographie features and the supposed absence of lymph node involvement. 

Peripherally invasive tumors were subjected to resection regardless of their 
size or the extent of involvement of the thoracic cage if it was thought that 
excision beyond tumor tissue was possible. There are included a number of 
instanees of invasive growths, paravertebrally situated, in which complete ex- 
cision was questionable because of the juxtaposition of the vertebral column. 
Lobectomy may be termed a subordinate part of the surgical procedure in many 
of these eases of peripherally invasive cancer, attention having been focused 
on the excision of the involved portion of the thoracic parietes. Indeed, in 
some instances only partial lobectomy for the relatively, or actually, insig- 
nificant pulmonary component of the tumor was performed. 

For the purpose of this paper, the topographic classification is in three 
groups. They will be defined briefly, with the understanding that there are 
occasional instanees in which doubt exists as to the precise classification. 


GROUP I. MAIN AND BRANCH BRONCHUS CANCERS 


They are infiltrative, with ill-defined limits (diffuse). The lesion may be 
ulcerative or may involve the bronchial wall by submucous extension. Bron- 
choseopie diagnosis is usually positive, particularly in the main bronchus ean- 
cers. By the time these cases, especially the main bronchus cancers, come to 
operation, the regional lymph node involvement is likely to be extensive. Branch 
bronchus circumscribed tumors belong in Group IT. 


GROUP II. CIRCUMSCRIBED CANCERS 


These are infiltrative microscopically, but grossly appear encapsulated and 
distinet from the adjacent pulmonary parenchyma. The roentgen appearance 
is characteristic. Essentially symptomless (except for the branch bronchus 
variety), erosion of the tumor into a large bronchus may provide a positive 
bronchoscopy. With such an extension, there may be hemoptysis or atelectasis. 
Regional lymph node involvement is likely to be limited; it may occur late in 
the course of the disease, or it may be nonexistent, even with extremely large 
growths. 

GROUP III, PERIPHERALLY INVASIVE CANCERS 


These tumors are more or less grossly circumscribed on their medial aspect 
and thus are prone to cast a characteristic shadow on the x-ray film. Periph- 
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erally, they invade adjacent structures, such as the thoracic parietes, superior 
aperture of the thorax, pericardium, or diaphragm. Bronchoscopy is negative. 
Hilar node involvement is unusual, but involvement of the lymphatics and nodes 
in the area of peripheral invasion may be anticipated. 

The fifty-two cases were divided as follows: (Table 1) Group I, main or 
branch bronchus cancer, twenty-one cases; Group II, cireumscribed cancer, 
eighteen cases; Group III, peripherally invasive cancer, thirteen cases. 

In the twenty-one patients in Group I, pneumonectomy was performed 
in twenty and a lobectomy was done in one. In the latter it was thought that 
the tumor was of the cireumseribed type. In Group II, there were twelve 
lobectomies and six pneumonectomies, and in Group III, twelve lobectomies and 
one pneumonectomy. Table I shows that lobectomy was confined entirely to 
the circumscribed and peripherally invasive groups. Thus, of the fifty-two 
patients, twenty-seven had pneumonectomies and twenty-five, lobectomies. 

Although there were twice as many pneumonectomies as lobectomies per- 
formed during the eleven-year period, there was an approximately equal num- 
ber of operative survivals from each type of operation. This was due to the 
lower operative mortality following lobectomy. It might not be amiss to point 
out that lobectomy appeared to be the only operation that could be attempted in 
a few instances because of the age and general condition of the patient. 

Detailed examination of the groups reveals the following: (Table II) 
Group I: Of the twenty-one patients with main and branch bronchus ear- 
cinomas, seven are alive and free from recurrence. Recurrence took place in 
the single lobectomy, performed in error, as noted above. Of these seven pa- 
tients, three had no regional node involvement, and in four the involvement 
was limited to from one to three small nodes. Of the fourteen patients who 
developed recurrences or metastases, the surgical specimens revealed that eight 
had lymph node involvement and six had none. Of the eight patients with node 
involvement at the time of operation, four developed recurrences in the regional 
nodes and four developed blood-borne metastases. Of the six without node 
involvement, one developed regional node recurrence and five developed blood- 
borne metastases. The almost equal number of patients with and without node 
involvement in the nonsurvival group is contrary to expectations. Nevertheless, 
it is readily explained by the high percentage of blood-borne metastases in this 
group, and especially in those patients without node involvement. 

In Group II, circumscribed cancers, seven patients are alive and free from 
recurrence. There were twelve patients with lobectomies, of which four are 
alive and well, and six with pneumonectomies with three survivals. The analysis 
is to be seen in Table III.’ Of the eighteen patients in this group, four had 
involved nodes at time of operation, three of them being limited to a single node. 
Of these four, only one, a patient with pneumonectomy, is alive. Of the four- 
teen without nodes, six are alive; two after pneumonectomy and four after 
lobectomy. There was one patient who died six months postoperatively due 
to an accident. At post-mortem examination no recurrence was found. 

In order to ascertain whether the eight patients in this group who died 
following lobectomy might have had a better result with a pneumonectomy, an 
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analysis of their causes of death was made. That three required pneumonectomy 
was evident at operation, but because of untoward developments during opera- 
tion a rapid lobectomy was performed. In three additional cases, early distant d 
lymph node metastases indicate that even pneumonectomy would not have been 


TABLE I 

52 Cases 
Group I Group II Group III 
Main Bronchus Circumscribed Peripheral 
Invasive 
21 Cases 18 Cases 13 Cases 


Fi / \ 


Pneumonectomy Lobectomy Pneumonectomy Lobectomy Pneumonectomy Lobectomy 
20 1 6 12 1 12 





Pneumonectomy 27 


Lobectomy 25 
TABLE II 


Group I . 


Main and Branch Bronchus 


21 Cases 
Survivals Died or Recurrence 
No Nodes Nodes No Nodes Nodes 
3 6 8 

Regional Blood- Regional Blood- 

Node Borne Node Borne 

Recurrence Metastases Recurrence Metastases 
1 5 4 4 


curative. In two, late lymphatie recurrences suggest that pneumonectomy 
might have been curative. The unexpectedly high incidence of lymphatic in- 
volvement as the cause of recurrence parallels its relatively low incidence in 
Group I cases. This is all the more surprising because the Group IT tumors so 
often are silent, with blood-borne cerebral metastases producing the first symp- 
tom of disease. 
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In Group III, peripherally invasive cancers (Table IV), none of the pa- 

tients had node involvement, but only three survived (one of these died four 

d years postoperatively from a main bronchus earcinoma of the other lung, which 
was regarded as another primary tumor). 

eal recurrence in the area of peripheral invasion of the thoracic wall or other 
structures. This occurred in spite of wide excision of the involved areas. 





The cause for seven failures was lo- 





TABLE III 
Group II 
Circumscribed 
18 Cases 
Lobectomies Pneumonectomies 
12 6 
Alive Died or Recurrence Alive Died or Recurrence 
' ene 7 re 
3 3 2 1 1 1 
Incomplete Early : Late Accident Regional Cerebral 
Operaticn Lymphatic Lymphatic At Six Node Metastasis 
Metastases Metastases Months Recurrence 
No Ca 
Pneumonectomy Pneumonectomy At Pm 
Would Have Been Might Have Been 
Valueless of Value 
18 Cases 
iin 
Nodes Involved No Nodes Involved 
wa rie, 
a Pl 
Alive Died or Alive Died or 
Recurrence # \ Recurrence 
ao ~* 2 2 4 2 “th 6 
Pneumonectomy Pn Lob Pn Lob Pn Lob 
(1 Pn Died 


From Accident 

6 Months Post 

Op. No Ca At 
Pm) 


Therefore, even wider block dissections appear warranted. Furthermore, the 
recurrence at the site of peripheral invasion establishes that pneumonectomy 
could not have been any more curative than lobectomy. Blood-borne metastases 





were the cause of failure in the remaining three patients. 
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The duration of survival of the seventeen ‘‘alive and well’’ patients is 
seen in Table V. It should be noted that all survivals, with a single exception, 
are of tnore than two years’ duration. Concerning the large number of patients 
in the two-to-three- and three-to-four-vear groups, some of these may still de- 
velop reeurrences and die from their original disease. That this may oecur 
cannot be gainsaid. On the other hand, an analysis of the time of recurrence, 
metastasis, or death in thirty-four cases (Fig. 1) points to the likelihood of an 
indeterminate freedom from recurrence after two vears. As can be seen, the 
great preponderance of recurrences or deaths occur in the first year, with only 
a few in the second year, and a single exception in the third year. The last 


TABLE IV 


Group III 
Peripherally Invasive 


13 Cases 


3 Survivals 10 Died 


Local Blood—Borne 
Recurrences Metastases, 


12 Lobectomies 
1 Pneumonectomy 


All Without Node Involvement 


mentioned is a patient who had had a lobectomy for a circumscribed tumor with- 
out node involvement. Two and three-quarter years later he developed en- 
largement of a contralateral supraclavicular node. This was removed and 
showed metastatic carcinoma. There was no other evidence of metastasis. If 
these observations on the sharp line of cleavage at the end of the two-year period 
are borne out by larger statistics, as well as by further follow-up of this series, 
it would appear that cancer of the lung has a distinctive and favorable ultimate 
prognosis if patients are well two vears after operation. 

Most observers base prognosis on the microscopic features of the tumor. 
An analysis of our cases (Table VI) shows that the squamous cell carcinomas 
were fairly evenly distributed among the three groups, and that the adenoear- 
cinomas comprised a high percentage of the circumscribed tumors. The sur- 
vival rate is slightly higher for the adenocarcinomas as compared with the 
squamous cell carcinomas (45 per cent to 29 per cent). Included in the squamous 
cell carcinomas are five cases of the undifferentiated type. Two of these patients 
are alive and well. The follow-up in our series does not indicate that the micro- 
scopic features of cancer of the lung are pertinent to the prognosis after radical 
excision, 
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Survival in relation to topographie classification is shown in Table VII. If 

we omit the three cases in which insufficient lobectomy was performed, we have 

a survival rate of almost 50 per cent in circumscribed cancer as compared with 

33 per cent for main bronchus cancer. Thus, a widely held view that the ulti- 

mate prognosis after operation for cireumscribed cancer of the lung is poor is 
not borne out in this series. 


NO. 
CASES 








ll 






































MONTHS 1-3 4-6 7-9° 10-12 13-15 16-18 19-21 22-24 25-27 28-50 31-33 54-356 


Fig. 1.—Time of appearance of recurrence, metastasis, or death in thirty-four cases. 


There are many who are of the opinion that lobectomy has no place in the 
surgical therapy of pulmonary carcinoma. It has long been our thesis that be- 
‘ause of the frequent absence of regional node involvement in the cireumscribed 
and peripherally invasive groups, lobectomy has a place in the surgery of these 
types of cancer. In this series of fifty-two cases, there are ten survivals after 
twenty-seven pneumonectomies and seven survivals after twenty-five lobectomies 
(Table VIII). These figures substantiate our contention that lobectomy has its 
indications in the surgery of pulmonary carcinoma. However, lobectomy should 
be limited to cases without node involvement and in which the tumor is not in 
close proximity to the hilus. It is obvious that not only lower mortality but also 
better functional results can, in general, be anticipated after lobectomy as com- 
pared with pneumonectomy. 
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TABLE V. DURATION OF SURVIVAL 








- YEARS” | NO. CASES 
1-2 ! 





ST OTHE obo 
do ik te 


Total 








TABLE VI. Microscopic PATHOLOGY IN Firty-Two CASES 








SQUAMOUS CELL ADENOCAR- SMALL CELL 
CARCINOMA* CINOMA CARCINOMA 





Main bronchus Z 15 3 3 
Cireumscribed 11 1h 
Peripherally invasive 12 a 
Total 38 11 
MICROSCOPIC PATHOLOGY IN SEVENTEEN SURVIVALS 
NO. % 


29 














Squamous cell carcinoma* ae 
Adenocarcinoma 5 45 
Small cell carcinoma i ; ao 


*Included in the squamous cell carcinomas are five of the undifferentiated type. Two of 
these are alive and well. 





TABLE VII. SURVIVAL IN RELATION TO GROUP CLASSIFICATION 








NO.CASES | SURVIVALS | 


Main bronchus 21 7 
Cireumscribed 18 7 
Peripherally invasive 13 3 








TABLE VIII. SURVIVAL IN RELATION TO TYPE OF OPERATION 








NO. CASES | SURVIVALS | % 





Lobectomy ‘ 25 C 28 
Pneumonectomy 27 10 37 





The following two cases, previously referred to, are unique instances of 
minute bronchial cancer. Although both patients are alive and well, they have 
not been ineluded in the statistics because of the peculiar nature of their 
pathologie findings. 


D. Z., a man aged 63 years, was admitted to The Mount Sinai Hospital on Dec. 22, 1943, 
with a history of an attack of pneumonia, with roentgen evidence, two months previously. 
Subsequently, he had a slight cough, substernal pain, and dyspnea. He had an old cardiac 
lesion, X-ray examination of the chest was essentially negative. He was bronchoscoped 
and a ‘‘bump’’ was seen at the orifice of the right upper lobe bronchus. A specimen was 
removed and was reported ‘‘squamous cell carcinoma.’’ Right pneumonectomy was per- 
formed, and although the postoperative course was complicated by cardiac decompensation, 
he recovered; and he is alive and well today. 

Examination of the specimen failed to reveal any evidence of carcinoma. Many sections 
from the biopsy site were examined. A number of pathologists who reviewed the original 
slide were all in agreement as to the diagnosis of malignancy. A careful investigation ruled 
out any possibility of a mix-up in specimens or slides. 

; M. W., a man of 47 years, was admitted to The Mount Sinai Hospital on Feb. 4, 1944, 
with a history of cough for two years. Because of a persistent shadow in the region of the 
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right middle lobe on x-ray examination, he was bronchoscoped, and a biopsy from the right 
middle lobe bronchus showed ‘‘squamous cell carcinoma.’’ Right middle lobectomy was per- 
formed on Feb, 23, 1944. The lobe was found atelectatic and shrunken. Immediate examina- 
tion of the specimen showed no tumor; therefore, another segment of the bronchus was re- 
moved, but this also appeared negative for carcinoma. Diligent microscopic examinations 
of these specimens failed to reveal any evidence of malignancy. A recheck on the original 
biopsy specimen substantiated the diagnosis, An empyema developed postoperatively; after 
this was drained and the patient was convalescent, bronchoscopy was again performed. A 
biopsy taken from the stump of the middle lobe bronchus showed ‘‘ Fragments of bronchial 
mucosa showing metaplastic squamous cell epithelium and a few isolated irregular cells. No 
evidence of tumor.’’ The patient is alive and well today. 


SUMMARY AND CONCLUSIONS 


1. Interval and late results are reported on fifty-two patients who survived 
operation. They have been classified in three groups. The operations performed 
in each were: Group I, twenty pneumonectomies and one lobectomy; Group IT, 
twelve lobectomies and six pneumonectomies; Group IIT, twelve lobectomies and 
one pneumonectomy. 

2. In Group I (the main bronchus cancer), there were no survivals in 
patients with extensive regional node involvement in the specimen. Involve- 
ment was limited, or absent, in the seven patients who survived. An unex- 
pectedly high occurrence of blood-borne metastases was the fatal factor, es- 
pecially in the cases without lymph node involvement at the time of operation. 

3. In Group II (cireumseribed cancer), lymph nodg involvement at the 
time of operation was rare, yet lymph node metastases as the cause of death 
was unexpectedly high. The incident of blood-borne metastases was surprisingly 
low. Lobectomy is not curative in the presence of lymph node involvement. 

4, Despite the absence of regional node involvement, the results were poor 
in Group III (peripherally invasive cancer), due to local recurrence, usually 
in the thoracic parietes. Results might be better with wider excision of the 
thoracie wall. 

5. The microscopic features of cancer of the lung bear no significant relation 
to the ultimate postoperative prognosis. 

6. The prognosis after a correctly selected operation for cireumscribed can- 
cer of the lung is better than that for main bronchus cancers. 

7. Lobectomy is a properly conceived operation which may be curative for 
cireumseribed and peripherally invasive carcinoma of the lung. 

8. A substantial proportion of good interval and late results has been 
achieved by pneumonectomy or more conservative operations performed on the 
basis of the topographic features of the neoplasm. There is full justification for 
an enthusiasm for the surgery of cancer of the lung when eradication is based 
upon the recognition and consideration of the topographic features. 


REFERENCES 


1, Rabin, Coleman B., and Neuhof, Harold: . A Topographic Classification of Primary Cancer 
of the Lung, Its Application to the Operative Indication and Treatment, J. THORACIC 
Sure. 4: 147, 1934-5, 

2. Neuhof, Harold, Rabin, Coleman B., and Sarot, Irving: A Topographic Classification of 
Cancer of the Lung, With Special Reference to the Surgical Implications of the 
Cireumscribed Variety, J. THoracic Sura. 11: 388, 1941-2, 





CARCINOMA OF THE LUNG 
Facrors AFFECTING SURVIVAL AFTER RESECTION OF CANCER OF THE LUNG 


RatpH Apams, M.D. 
LOUISVILLE, Ky. 


IFTEEN years have elapsed since the first successful bilobeetomy by 

Churchill and the first suecessful pneumonectomy by Graham for carcinoma 
were reported by the operators. Since those reports, various clinies have slowly 
accumulated a sufficient number of operative cases to permit numerical examina- 
tion of the fate of the hospital survivors and critical study of the factors which 
seem to affect the time and rate of survival. This paper presents an analysis 
of one such group of cases. 

In the period of fifteen years ending Dee. 31, 1945, a diagnosis of car- 
cinoma of the lung was established by microscopic proof in 182 eases at the 
Lahey Clinic. One hundred twenty-six patients (69.2 per cent) were inoperable 
for various reasons. <A resection of the lesion by means of a pneumonectomy 
or a lobeetomy was done in fifty-six cases (30.8 per cent; Table I). Eight 
(14.3 per cent) of these fifty-six patients died postoperatively in the hospital 
(Table II) from the causes stated in Table III. The over-all hospital mortality 
of 14.3 per cent has been reduced during the last five years under consideration 
to 5.1 per cent in thirty-nine resections. 

The results in the forty-eight patients on whom resection was carried out 
and the patients discharged alive from the hospital are correct through Dee. 
31, 1946. Patients on whom operation was performed in the year 1946 were 
excluded in order that this study of clinical outcome might not be complicated 
by observations of less than one year’s duration. From the forty-eight cases, 
an attempt is made to assay factors related to the carcinoma, its behavior, and 
its treatment, which appear to affect survival time in the meager light of our 
present knowledge of cancer. 


1. RESULTS OF ALL RESECTIONS (Chart 1) 


This chart and those which follow are constructed in a similar manner. 
The completed years since the resection was done are represented on the ab- 
scissa and the number of cases on the ordinate. The rectangles demonstrate by 
height the number of patients operated upon a period of years previously, cor- 
responding to or longer than the five yearly periods considered. The shaded 
portion of each rectangle illustrates the number and the percentage of patients 
surviving for the same or a longer period. The lowermost or black portion, 
where present, shows the number and the percentage of patients who were 
operated upon as long or longer ago than the respective years indicated, living 
and well on Dee. 31, 1946. 

From the Department of Surgery, The Lahey Clinic, Boston. 

Read at the Twenty-seventh Annual Meeting of The American Association for Thoracic 
Surgery, St, Louis, Mo., May 28, 29, and 30, 1947. 
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TABLE I. CARCINOMA OF LUNG 








CASES | ——”:SéPERRS CENT 
Proved 182 
Inoperable 126 69.2 
Resection 56 30.8 











TABLE II. CARCINOMA OF THE LUNG: Factors AFFECTING SURVIVAL AFTER OPERATION 
~ CASES ~ ; PER CENT 
Resected cases 56 
Hospital deaths . 8 
Discharged alive 18 
Hospital mortality, last 5 years 
(2 in 39) 


TABLE III. CARCINOMA OF LUNG: CAUSES OF HOSPITAL DEATH IN FIFTY-SIX RESECTIONS 





Pulmonary Embolus 

Cardiac Failure 

Pneumonia and Atelectasis 

Hemorrhage 

Fistula and Empyema 
Total 


Of forty-eight patients on whom resection was done more than one year 
previously, thirty-one (64.5 per cent) survived for more than one year, and 
fifteen (31.2 per cent) are at present (Dee. 31, 1946) living and well for more 
than one year. Of seventeen on whom resection had been done more than five 
years previously, six patients (35.3 per cent) survived for more than five years, 
and four (23.5 per cent) are now living and well for more than five years. The 
microscopic slides of specimens from all patients surviving and well have been 
critically reviewed to be sure that no ease of bronchial adenoma was unwit- 
tingly included in this study. This first chart represents the composite results 
of resection, without regard to any of the other variations considered in the 
subsequent charts. 


2. DURATION OF SYMPTOMS (Chart 2) 


The problem of earlier diagnosis is constantly with us. A majority of the 
126 patients on whom operation was not done (69.2 per cent) had conditions 
which were, no doubt, technically inoperable because of lateness in diagnosis, but 
in the specifically limited scope of this paper the influence of symptom duration 
upon prognosis after resection is shown in Chart 2. Twenty patients had symp- 
toms for less than six months in the group operated upon one year or more 
previously. Thirteen (65 per cent) survived a year or more and eight (40 per 
cent) are living and well. Two (33.3 per cent) of six operated upon for more 
than five years survived five or more years, but none are now alive and well. 
In the group with symptoms for seven to twelve months there were twenty 
patients operated upon more than one year previously, of whom thirteen (65 
per cent) survived for more than one year, and five (25 per cent) are now 
alive and well. In seven cases more than five years has elapsed since operation. 
Three patients (42.8 per cent) survived for more than five years and two 
(28.5 per cent) are now living and well for more than five vears. Symptoms 
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persisted for more than one year prior to operation in a group of eight patients 
operated upon more than one year previously. Five (62.5 per cent) of these 
survived a year or more and two (25 per cent) are still alive and well. Only 
one of four patients operated upon five years previously survived for as long 
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Chart 1. 


PROGNOSIS IN RELATION TO DURATION OF SYMPTOMS 
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Chart 2. 


as one year, and that patient is now dead. It is thus apparent that any patient 
who has a pulmonary carcinoma resected and leaves the hospital alive has ap- 
proximately a 60 to 65 per cent chance of surviving one year thereafter, regard- 
less of the prior duration of symptoms. Examination of the intervening columns 
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for two, three, and four years indicates the accelerated rate at which patients 
who have had symptoms of long duration prior to resection succumb. The 
fact is not readily adaptable to visual presentation on a chart, but it was appar- 
ent from examination of the individual records that many patients with the 
more anaplastic types of tumors were seen when their symptoms were of less 
than six months’ duration. Similarly, it is obvious by hindsight that several of 
the patients with slowly. growing tumors had not presented themselves until 
they had had symptoms for between seven and twelve months. It is believed 
that these observations explain the better survival rate in patients with symp- 
toms of seven to twelve months for the group at present living and well than 
for those with symptoms of less than six months. 


PROGNOSIS IN TERMS OF SIZE OF LESION 
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Chart 3. 


3. PROGNOSIS IN TERMS OF SIZE OF LESION (Chart 3) 

Every gastrie surgeon is familiar with the tiny carcinoma of the stomach 
which is easily resectable but the patient dies of recurrent or metastatic malig- 
naney within a year or eighteen months. He can by comparison reeall other 
cases with large fungating lesions that have not extended outside the stomach 
grossly and ean cite an occasional patient living and apparently well three or 
four years later. An attempt to correlate survival with the size of the pul- 
monary lesion as determined by the pathologist’s measurement of the excised 
specimen indicates some similarity to gastric carcinoma. For purposes of 
analysis the carcinomas were segregated into groups containing those less than 
2 em., those less than 5 em., and those over 6 em. in diameter. 

Chart 3 illustrates this discrepancy from common-sense expectation in 
respect to size of the lesion for short-term survival periods. 

One (11.1 per cent) of nine patients with lesions less than 2 em. in diameter 
is alive and well for more than one year as is one (16.6 per cent) of six patients 
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who had had operations more than five years previously. Of the patients with 
careinomas between 3 and 5 em. in diameter, eleven (50 per cent) of twenty-two 
are living and well for more than one year as are two (28.5 per cent) of seven 
patients who had had operations more than five years before. Of the patients 
with growths more than 6 em. in diameter, three (17.6 per cent) of seventeen 
are alive and well for more than one year, as is one (25 per cent) of four 
patients operated upon more than five years ago. It, therefore, appears that 
the size of the lesion as determined by actual measurement of the excised speci- 
men is an unreliable indicator of prognosis. It is suggested that the frequently 
attending pneumonitis and signs of collapse make the apparent size of the lesion 
as judged from examination of a radiographic film even less reliable as an 
aid in estimating preoperatively the chance of survival in an individual ease. 
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Chart 4. 


4. PROGNOSIS IN REFERENCE TO TYPE OF RESECTION DONE (Chart 4) 


Based upon the philosophy that mass removal of the involved organ and 
contiguous lymph nodes represents the nearest attainable surgical approach to 
the ideal in cancer therapy, it has been logical to assume that pneumonectomy 
offers a preferable type of treatment to any more limited type of resection in 
cancer of the lung. No significant difference of viewpoint from this concept in 
working practice is implied. For upper lobe lesions, however, where the lymph 
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drainage pathways are characteristically directed toward the azygous nodes, and 
for certain peripherally situated lower lobe lesions with no demonstrable nodal 
involvement, we have for several years been of the opinion that a lobectomy 
offered almost equal chance of long survival, with the advantages of appre- 
ciably lessened operative risk and greater functional capacity. As indicated in 
Chart 4, thirty-five of these forty-eight resections were accomplished by pneu- 
monectomy and thirteen by lobectomy. Twenty-three (65.7 per cent) of the 
thirty-five patients on whom pneumonectomy was done one year or more pre- 
viously have survived that length of time and ten (28.5 per cent) are still 
living and well. Of twelve patients treated by pneumonectomy more than five 
years ago, three (25 per cent) survived for five years and two (16.6 per cent) 
are now alive and well. These figures may be compared with those for the 
lobectomy group of thirteen cases with operation more than one year previously, 
of which eight patients (61.5 per cent) survived for more than a year, and 
five (38.4 per cent) are still alive and well. Of five patients on whom lobectomy 
had been done more than five years previously, three (60 per cent) survived 
five or more years, and two (40 per cent) are still alive and well. It is searcely 
necessary to eall attention to the fact that the patients with more advaneed dis- 
ease were treated by pneumonectomy. 


5. SURVIVAL RATE IN RESPECT TO NODAL INVOLVEMENT (Chart 5) 


In cancer of other organs, such as the breast and rectum, it has long been 
known that the presence or absence of involvement of lymph nodes is a pre- 
ponderant if not determinative consideration in estimating the individual pa- 
tient’s chanee for long survival. It was assumed early in the surgical attack 
upon pulmonary cancer that an analogous type of behavior would be encoun- 
tered. This assumption has proved to be true. Chart 5 presents additional 
items in confirmation of the thesis. The forty-eight patients with resection are 
divided into two groups solely on the basis of whether there was microscopically 
demonstrable involvement of the regional lymph nodes. The lymph nodes were 
positive in eighteen cases more than one year after operation. Nine (50 per 
cent) of these patients survived for one year but only one patient (5.5 per 
cent) is now living and well for more than a year. Of six patients with posi- 
tive nodes on whom operation was done more than five years previously, 1 
patient survived for five years and is at present alive and well. Thirty patients 
had negative nodes more than one year later; twenty-one patients (70 per 
cent) survived for more than a year; and fourteen (46.6 per cent) are now 
alive and well for more than one year. Of eleven patients with negative nodes 
more than five years later, four patients (36.3 per cent) survived for five years, 
and three (27.2 per cent) are alive and well for more than five years. 


6. PROGNOSIS IN RELATION TO CELL TYPE (Charts 6A and 6B) 

Herein lies the crux of the matter in respect to survival after resection for 
eaneer of the lung. The pathologists, purely on the basis of what they could 
see in the specimen and in their microscopic slides and without knowledge of 
the individual clinical problems, have divided these forty-eight cases into four 
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classifications. The specimen in one case was so anaplastic that it could not be 
classified. That patient died less than one year after the resection (Chart 6A). 
In six patients, after more than a year the diagnosis was undifferentiated 


carcinoma. One patient is living and apparently well over a year after the 
resection, but all other patients were dead within a vear of the resection. It 
may be observed that the results in oat cell carcinoma are comparable to those 
in undifferentiated carcinoma, not one of three patients having survived for 
over a year after resection. In eight cases (Chart 6B) the microseopie diagno- 
sis was adenocarcinoma; five patients (62.5 per cent) survived for a year and 
two (25 per cent) are now alive and well for more than one year. The longest 
survival has been three years. Two patients had been operated more than five 
years previously, but both patients died within three years. 
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Chart 5. 


In Chart 6B the thirty cases with a diagnosis of epidermoid carcinoma are 
also shown. Twenty-four (80 per cent) of these patients survived for more than 
one year; twelve (40 per cent) are alive and well after more than one year. 
Of eleven epidermoid cases, after more than five years, four patients (36.3 per 
cent) are at the present time living and well for more than five years, the long- 
est survivor being alive and well for more than ten vears. 

If these cases could be multiplied by an experience 100 times as large and 
if the same general arrangements should he found to persist, one would then 
have available data of statistical value and significance. Although factually 
correct, statistical validity is not claimed for the present series because the 
numbers are too small. These data are presented in a statistical manner in the 
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hope that they accurately reflect trends of behavior in the various types of 

carcinoma of the lung. When a sufficient number of five-year results for the 

various ¢lassifications of carcinoma of the lung have been published, it should 

be possible for a statistician of experience to make available to thoracie surgeons 
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Chart 6A. 
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— 


EPIDERMOID 


— 


ADENOCARCINOMA 



































ale 


YEARS 








Chart 6B. 
a composite analysis of the problem of cancer of the lung of a value and authen- 
ticity similar to those studies already established for cancer of the abdominal 
viscera, the cervix, the rectum, and the breast. 
7. PROGNOSIS OF EPIDERMOID CARCINOMA IN RESPECT TO BRODERS’ SUBGROUPS 
(Chart 7) 
The thirty cases of epidermoid carcinoma were further subdivided by the 
pathologists into Grades I, II, and TII according to Broders’ classification. 
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Only three cases were classified as Grade I, and those three patients are all 
surviving and well for the period since operation. The longest survivor is now 
alive and well for four years. No ease in this subgroup has been done for as 
long as five years. Eleven cases were Grade II. Nine (81.8 per cent) of the 
eleven patients in whom resection was done one year previously survived for a 
year or more and five (55.5 per cent) are still alive and well. Of six cases in 
Grade II, after more than five years three patients (50 per cent) are still alive 
and well. Of sixteen cases of Grade IIT epidermoid carcinoma, after more than 
one year, twelve patients (75 per cent) survived more than a year, and four 
(25 per cent) are still alive and well. Of five cases, after more than five years, 
1 patient (20 per cent) remains alive and well. It would seem, therefore, that 
the subgrouping of epidermoid carcinoma of the lung, as suggested by Broders, 
has some prognostic value. 


PROGNOSIS ACCORDING. TO BRODER'S SUB GROUPS 
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Chart 7. 


Like surgery for the treatment of cancer, however, it must be admitted 
that morphologic study of cancer cells as a means of estimating the prognosis 
is a method of approximation. Again like the surgeons, the pathologists wish 
that they had something better to offer. Efforts have been and are being made 
at refinement by transplants of excised tumor tissue into the corneal cavity of 
the guinea pig eye. Unfortunately, the infection present in the tumor frequently 
destroys the transplant. Efforts also are being made along the lines of tissue 
culture, but this work is still in an experimental stage. 


SUMMARY 


Factors which may affect length of survival after operative removal of 
cancer of the lung are analyzed in a series of fifty-six consecutive cases with 
resection, for the period ending Dee. 31, 1945. These data are correct as of Dee. 
31, 1946. 

Eight patients (14.3 per cent) died in the hospital. Two deaths occurred 
in the last thirty-nine resections (5.1 per cent). In the remaining forty-eight 
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‘ases, seventeen patients have been operated upon for five or more years, of 
which six (35.2 per cent) survived over five years and four (23.5 per cent) are 
now living and well for over five years. 

Regardless of the duration of symptoms, a patient who has a resection and 
survives the operative procedure has approximately a 60 per cent chance of 
surviving for one or more years. Thereafter, the rate of death from recurrence 
is directly related to the preoperative duration of symptoms for epidermoid 
‘arcinoma. In other varieties, the cell type is of greater prognostic significance 
than the symptoms’ duration. 

The size of the lesion as judged from a radiographic film is scarcely rele- 
vant in estimating prognosis, and even the size of the resected lesion by actual 
measurement is a poor indication of likely survival time. 

With respect to the type of operation done, the survival rate in patients 
for whom lobectomy was selected has been as good as for patients treated by 
pheumonectomy. 

The absence of demonstrably involved nodes increases threefold a patient’s 
chance of being alive and well five years after resection. For shorter periods, 
the difference of outlook is even more striking. 

The cell type of carcinoma found by microscopic examination is the most 
important single consideration in estimation of prognosis after a resection. If 
the growth is undifferentiated or oat cell carcinoma in type, less than a year 
of life may be expected. Of fifteen patients now living and well beyond one 
year, twelve had epidermoid carcinoma, two had adenocarcinoma, and one un- 
differentiated carcinoma. Patients with the epidermoid type of carcinoma have 
the best prospect of long survival. Broders’ method of subgrouping appears 
to be confirmed as a prognostic aid. 
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DISCUSSION 


DR. PETER A. HERBUT, Philadelphia, Pa.—The purpose of examining bronchial secre- 
tions for neoplastic cells is to arrive at an earlier diagnosis in carcinoma of the lung. The 
secretions are sent to the laboratory in a collector, and there smears are prepared by the 
Papainicolaou technique. With these preparations, neoplastic cells are just as pleomorphic 
as they are in cytologic sections. Accordingly, they may be divided into three main categories: 

1. Squamous cell carcinoma, which constitutes about 75 per cent of all primary cancers 
of the lung. 

2. The completely undifferentiated or anaplastic growths which, fortunately, constitute 
only about 4 per cent of the growths. 

3. All the cases between the extremes of No. 1 and 2, 

These slides represent some of the cells which are commonly seen. It is virtually 
impossible to show all the types because they vary so tremendously. 

(Slide.) This is the squamous cell carcinoma. One frequently finds large collections 
of neoplastic cells such as we see here. In the more differentiated growths, these cells still 
maintain the relatively normal stratification that we see at the periphery and at the lower 
portion. 
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The cells have rather indistinct boundaries. Their cytoplasmatic substance here is of 
an orange color. 

(Slide.) In other cases of the squamous carcinomas in which the tumor is more un- 
differentiated, one again sees large masses of epithelial cells. These cells here, however, 
are a little bit larger. The borders are still indistinct. The cytoplasm, in contrast to the 
others, is more bluish-green, and, in areas, of a lighter orange color. The nuclei are large. 
They are still not extremely hypochromatic. This is a normal epithelial cell of columnar 
type—we see this tapering end, which is quite characteristic. 

(Slide.) Again, in squamous cell carcinomas, we frequently find keratinizing cells such 
as these, with abundant orange cytoplasm, and intensively hypochromatic nuclei. 

(Slide.) Here is a smear of the tumor from the same case. These two cells could be 
superimposed upon each other. These other cells are neoplastic cells, and they appear different 
and stain differently than the keratinizing cells. 

(Slide.) Once again, from squamous cell carcinomas, a similar type of cell, except this 
cytoplasm is probably a little more pinkish. In the other slide it was more of a yellowish- 
orange color. This slide is rather dark, but I think you can see the same type of cell. 

(Slide.) Then, also, as far as the squamous cell carcinomas are concerned, we some- 
times see these distinct epithelial cells. We see other orange cells, all neoplastic. When 
one sees such a picture, one can diagnose carcinoma readily. 

(Slide.) At the other extreme is the completely undifferentiated type. This is the 
most difficult to recognize, as you would expect. The cells are round, oval, or elongated. 
The cytoplasm is almost imperceptible; sometimes there is a scanty amount seen around the 
nuclei. The nuclei are evenly stained, and sometimes one can see a single or as many as 
three or four nucleoli within the single nucleus. 

These, as I say, constitute only about 4 per cent of the cases. With the knowledge 
accumulated, our diagnoses, even with these, are more certain than they were before. 

(Slide.) In-between, of course, one sees many types of neoplastic cells. Here is one 
in which there are two cells coming together. The nucleus, again, is relatively large, occu- 
pies most of the cytoplasm and stain rather lightly. The nucleoli are quite prominent. 
The cytoplasm is sharply defined, but in other areas it tends to fade out into the rest 
of the material in the slide. 

(Slide.) Here is another type of cell in which the nucleus constitutes practically the 
entire cell with only scanty cytoplasm along the border. 

(Slide.) Here is still another type of cell in which there are four nuclei within a single 
cell. 

(Slide.) And finally, here is a group of three cells in which, again, the cytoplasm is 
moderate in amount and of a dirty gray color, and the nuclei are deeply stained. 

(Slide.) At the time this chart was made, we had 525 preparations, and in those there 
were 118 cases of proved carcinoma of the lung. Of these 118, the diagnosis was made by 
the cytologic method in 105, or 89 per cent. Now I might add that some of these patients 
bronchoseoped three and four times before we found the cells. If there is some question as 
to whether the cells are positive or not, we ask for repeated bronchoscopic examinations until 
we can decide one way or another. 

The biopsy was positive in fifty-two of the 118 cases, or 44 per cent—less than half of 
the ones in which we found neoplastic cells in its secretion. However, in addition to these 
fifty-two cases, there was stenosis or other evidence of bronchial neoplasm, such as distortion, 
and so forth, in twenty-three. 

There were thirty-two cases in which a bronchoscopic examination was completely nega- 
tive, and in which cells were found in the secretion. 

These results we consider as unequivocal. The method is recommended without any 
reservation. 

DR. MICHAEL E. DeBAKEY, New Orleans, La.—The best that we have ever been 


able to do without the use of this particular method has been a positive diagnosis before 
exploration in about two-thirds of the cases and in the most recent analysis of our experience 
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this incidence was found to be slightly less than 50 per cent. It is obvious that there is 
much need for improvement in our diagnostic methods. Our experience with this diagnostic 
procedure has been limited but we have been so impressed with its value that we now employ 
it routinely in all cases in which an actual biopsy cannot be obtained. 

I should like to show the results of the most recent analysis of our experience with 
pulmonary malignancy, particularly with regard to the follow-up studies. This first slide 
shows a break-down of our experience with the total number of 412 cases observed over a 
period of approximately twelve years. It may be noted that 246 patients (59.7 per cent) 
were explored and of this number ninety-nine (40 per cent) were found to be nonresectable 
and 147 (60 per cent) were resectable. Of the 147 patients on whom resection was done, 
thirty-six (24.5 per cent) died in the hospital and 111 survived the operation. Reduced to 
simple terms, it may be stated that of every three cases of pulmonary malignancy seen 
clinically, two will be found operable and only one will prove resectable. Although these 
figures are somewhat higher than those found in the series collected from the literature, 
they are in accord with those appearing in the most recent reports which reflect an en- 
couraging trend toward a higher incidence. They are, however, still much too low and em- 
phasize the need for wider recognition of the problem and for earlier diagnosis. 

This next slide is a graphic representation of our hospital mortality. Of the total 
series of 147 cases in which resection was done, the hospital mortality was 24.5 per cent. 
When these cases are divided into those operated on before and after 1942, the hospital 
mortality figures for these periods are 46.4 per cent and 19.5 per cent, respectively. While 
this shows a definite improvement in the mortality rate, it appears still relatively high, bui 
I should like to stress one point in regard to this fact, a point which emphasizes further 
the statements made by Dr. Gibbon with regard to operability. Approximately one-half of 
these hospital deaths may be regarded as nonpreventable since they were due to cardio- 
vascular complications, but they represent a risk which must be assumed in pneumonectomy 
for carcinoma of the lung unless the criteria of operability are so strictly limited that pa- 
tients in whom they are likely to occur are excluded from surgery and are thus denied their 
only chance of salvage. 

This next slide is especially interesting for it represents the five-year survival rate after 
resection in the prseent series of pulmonary malignancy. It may be observed that of the 
125 patients operated upon six months or more ago, a little more than one-half survived the 
six-month period after operation. In this analysis, of course, all deaths, whether in the 
hospital or after discharge from the hospital, are included. Slightly less than three-fifths 
of the patients, including those who died in the hospital, died within the first year. After 
that time, however, the death rate increased much less rapidly and by the end of five years, 
approximately one-fourth of the patients submitted to resection were still alive. Thus the 
distribution curve for the survival rate after resection for pulmonary malignancy drops rather 
rapidly within the first two years after operation, but by the third year it becomes fairly 
well stabilized and continues almost as a plateau until the fifth year. 

This next slide is a graphic representation of the survival rate after resection analyzed 
from the standpoint of whether the growth was limited to the lung or had extended beyond 
it by encroachment upon contiguous structures or by regional metastases. As was expected, 
the survival rate among the patients with localized growths was significantly greater than 
that for patients with extension, the figures being 42.9 per cent and 6.2 per cent, respectively, 
at the end of five years. It is particularly interesting that there should have been any 
patient with extension of the lesion beyond the lung who could have survived five years. 
This fact emphasizes another point that Dr. Gibbon made concerning criteria for operability. 

This final slide summarizes our experience with operability, resectability, and survival 
rates for carcinoma of the lung. It may be noted that in a given group of twenty-five cases 
of pulmonary malignancy, about fifteen conditions would meet the criteria of operability 
and thus be explored; nine, or approximately one-third, would prove resectable; about seven 
patients, or a fourth of the original number, would survive resection; and only two, or 
approximately 8 per cent, would survive five years or longer. It is interesting to compare 
these results with those obtained in the treatment of carcinoma of the stomach, a problem 
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which has received the attention of the profession for a much longer period than that of 
sarcinoma of the lung. Perhaps some gratification may be had from the fact that these 
results in carcinoma of the lung are somewhat better than those obtained in carcinoma of the 
stomach. 


DR. EVARTS A. GRAHAM, St. Louis, Mo.—I am very glad that it has been possible 
now to begin to collect statistics over a five-year period on what can be done in the treatment 
of bronchiogenic carcinoma. 

I think that we ought not to be too much encouraged by statistics based on one- or 
two-year survival periods. We must remember that bronchiogenic carcinoma, so far as we 
know, does not differ materially from other types of carcinoma that we know about. In 
other words, this disease is included in the all-embracing field of cancer. 

We have some pretty well-established facts about cancer in general, one of which is 
that any statistics based on periods of less than five years are likely to be misleading. That, 
of course, does not prevent us from talking hopefully and optimistically about our results 
over a one-year or two-year period, but I question very much whether conclusions arrived at 
on the basis of patients who have survived one year or two years are going to be very im- 
portant after a five-vear period has elapsed. 

Now you may wonder what I am getting at. Well, I was much interested in the 
figures which Dr. Aufses presented, but do not we know in regard to cancer in general 
that the most likely period of recurrence, if you will, is in the first two years after the 
operation? What reason is there to think that bronchiogenie carcinoma is any different in 
that respect? Why is it necessary to emphasize the fact that a patient who survives a two- 
year period after an operation for bronchiogenie carcinoma is less likely to die of so-called 
recurrence of his disease than if he has just survived his operation and we were waiting for 
the first two-year period to go by? 

Again, the question about partial resection of the organ enters into this picture. It is 
quite possible that because of the sharp differentiation between portions of the lung, as 
shown anatomically by different lobes, we may find that in cases classified as Dr. Aufses 
classified them, it is a reasonably safe procedure to perform an elective lobectomy rather 
than a pneumonectomy, particularly in consideration of the mortality of lobectomy versus 
pneumonectomy. 

After all, of course, what we are all striving for is to have as many patients alive 
as possible after five years. Therefore, operative mortality is something that must be taken 
into consideration, naturally. 

However, I would like to say again something that certainly should be known, I 
think, to everybody in this room, and that is that if we compare bronchiogenic carcinoma 
with an organ that has been worked over now for fifty years, namely, the breast, we have a 
structure in the breast which has lobes in it, perhaps not so sharply distinguished from each 
other as those in the lung. We know unequivocally that many women with cancer of the 
breast have recovered simply from a local excision of the cancer, a lobectomy, if you will, 
of the cancerous portion of the breast. All you need to do is look up the old literature, 
and, for that matter, look up some of the more recent literature. 

We know, also, that many women have survived with the simple removal of the breast 
itself, by simple mammectomy, but we know still better that by far the best results that 
have been obtained in thousands and thousands of cases now on record have been obtained 
by the so-called radical operation, which means the removal of the axillary lymphatics, the 
fascia underlying the breast, and the pectoral muscles. 

I think anybody would be courageous to bring up now, at this time, a plea for a simple 
excision of the carcinoma, or even a simple mammectomy in the presence of carcinoma, 

The point was made that in cases in which there is regional gland involvement, pneu- 
monectomy should be done. I do not know any way to tell whether or not the regional 
lymph glands have been involved. Certainly one sometimes finds that the glands are en- 
larged and hard, but in many other instances one can tell only by a microscopic examination 
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of the lymph glands that are removed, and I don’t know of any way by which the surgeon, 


in the course of the operation, can tell merely by an inspection of those glands, or palpa- 
tion of them, whether or not they are involved with cancer. 

There is no doubt, however, about the statement which Dr. Aufses made that in the 
tumors which are situated away from the hilum, the lymph glands are less likely to be 
involved than in those cases in which the tumor is situated in the major bronchi, close to 
the hilum. 

I think it is very fortunate that there are some who are willing to try out lobectomy 
as a cure for bronchiogenic carcinoma in an experimental manner. I hope they will continue 
to do so. I hope that in another five years we can compare those figures with the figures 
which will be obtained on the basis of a total pneumonectomy for carcinoma. 

I do not want to be misunderstood. I am not saying that a lobectomy should never be 
done in a bronchiogenic carcinoma, having done it myself. TI cannot help thinking, how- 
ever, by comparison with what we know about cancer in other parts of the body, that, 
provided the operative mortality for pneumonectomy does not bring the total mortality to 
too high a figure, more patients will have survived the five-year period, not a two-year 
period or a one-year period, after total pneumonectomy than after lobectomy, but here again, 
my guess about this is no better than that of anybody else. 

[ am delighted that we have this array of papers this morning, presenting figures over 
a considerable period of time. 

On Friday afternoon I am going to present some patients who have kindly consented 
to come back after five years’ survival of pneumonectomy, who present different phases 
of this question, pathologically as well as otherwise, and I should prefer to enter into other 
features of this discussion at that time. 

I may say here, however, that of 53 patients who had pneumonectomies prior to 1942, 
in other words, more than five years ago, 15 are alive and well. This is a five-year survival 
rate of 28 per cent. In 6 of the 15 cases regional lymph glands were invaded. The first 
patient to have a successful pneumonectomy for cancer (squamous carcinoma) is living and 
well in the fifteenth year since his operation. He has consented to return here for demon- 
stration next Friday. 


DR. JOHN W. STRIEDER, Boston, Mass.—I would like to show briefly what our 
experience at the Boston City Hospital Thoracic Service has been with smears of bronchial 
aspirations in cases of suspected or proved bronchiogenic cancer. 

(Slide.) Of 147 patients from whom over 800 smears were made, there were 40 cases 
of bronchiogenic carcinoma. Thirty-four of these carcinomas had a positive smear for 
tumor cells, which is 85 per cent positive, or, stated otherwise, there was a 15 per cent 
error in diagnosis. 

(Slide.) In sixteen of the cases the only proof was by operation or post-mortem 
examination. The smear was positive, however, so that in 40 per cent of the cases, the 
smear was the sole positive diagnostic evidence other than the clinical evidence. 

There were three so-called false positives. One proved to be a bronchial adenoma. 

Another was a case showing localized effusion, with left lower lobe atelectasis, which, 
at operation, proved to be tuberculous by biopsy of pleural granulation tissue. 

The third case was a woman who had chronic blood spitting, and smears from the 
bronchus were read first as positive for tumor cells. The local findings were not such that 
operation was justified, and repeat smears later were negative. Subsequent bronchoscopic 
evidence was that of clearing. 

In the over-all picture, there were three false positives, or three mistakes out of 147 


» 


The error is a little over 2 per cent. 


patients. 
DR. ALFRED GOLDMAN, Los Angeles, Calif—TI wish to comment very briefly upon 
un approach that 1 have used for the past ten months, which is somewhat different from the 
usual Rienhoff approach for resection of the lung. 
During this period of time I resected fifteen tumors of the lung, two of which were 
adenoma, and thirteen of which were done through this incision. 
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(Slide.) This incision was evolved because I wanted to get away from having the 
patient with his good lung down in a position which compromises his respiration while one 
might be operating on him. This is the position that we use at the Birmingham Veterans’ 
Hospital and at Cedars of Lebanon, Los Angeles. 

The incision begins at the second costal cartilage, goes down to the fifth or sixth 


interspace, and follows that interspace to the mid- or posterior axillary line. 

(Slide.) After cutting the pectoral muscle, the cartilages underlying, one-half to three- 
quarters of an inch each, are resected. This shows the resected cartilages. Usually three 
cartilages are transected. 

(Slide.) This slide shows the outfolding of the ribs, which have been freed after going 
through the intercostal space and opening the pleura throughout the length of the intercostal 
space into the axilla and anteriorly resecting through the bed of the cartilages lateral to 
the internal mammary vessels. The outfolded third, fourth, and fifth ribs are shown here. 

One dissects with the chest open, the interspace all the way down to within about 
one inch of the transverse process. 

This is the artist’s drawing depicting a wide exposure, which has always been so well 
advised by Dr. Harold Brunn, who has used this principle both in chest and in general surgery. 

(Slide.) This shows a view of the chest with the lung removed, the vessels ligated, 
and the bronchus closed. Through this incision I have also ligated the pulmonary vessels 
in the pericardium. ; 

(Slide.) This shows the method of closure subperiosteally, using a double No. 1 chromic 
suture to approximate the ribs, and interrupted 0 chromic to approximate the pectoral mus- 
ele, not doing anything to the cartilages themselves. 

By having a patient on the back, one can do extensive mediastinal dissection, and a 
prolonged operation, with less danger of producing atalectasis or pneumonia in the con- 
tralateral lung, and in this position one may have the bronchus open after transection and 
suck it out, thereby further obviating aspiration of secretions into the contralateral lung. 


DR. JEROME R. HEAD, Chicago, Ill—Dr. Graham has stated that the aim of surgery 
for bronchiogenic carcinoma should be to have as many patients as possible alive at the 
end of a five-year period. With this statement I disagree, because on the basis of it Dr. 
Graham has recommended that pneumonectomy be always preferred to lobectomy for bron- 
chiogenie carcinoma. 

In patients in the older age groups, pneumonectomy is a crippling operation. hey 
live, but do not live happily, and very few of them can follow a gainful occupation. They 
are only half alive and only half functioning. Lobectomy is a much less crippling opera- 
tion, and following it most patients retain a good vital capacity and are able to function 
normally. For this reason I feel that in this group of older people, lobectomy, when it can 
be done, is preferable to pneumonectomy.. I am sure that if the choice were up to me I 
would rather accept a 10 per cent chance of survival by lobectomy than a fifteen per cent 
chance from pneumonectomy. ‘ 

We must balance the good which we do for people who have cancer against the harm 
which we may do to those whom we explore for cancer but who prove eventually to have 
some other disease. It is absolutely essential that pneumonectomy be avoided for non- 
cancerous conditions which might recover from some simpler treatment. Even at operation 
itself it is extremely difficult to say for certain whether or not cancer is present. It is 
often necessary to remove the diseased lobe before the diagnosis can be certainly established. 
As I have said before, removal of a lobe is not dangerous or disabling, while removal of 
a whole lung is infinitely more serious. 


T 


The papers presented this morning on examination of the cells in the sputum gave 
promise that this method will be a great aid in preoperative diagnosis of cancer of the 
lung. It is, however, improbable that it will be so accurate that one ean rely entirely on 
sputum findings. When other symptoms and signs suggest cancer, exploration will still 
probably be indicated and one will probably not be justified in removing a lung simply be 
cause cancer cells are supposed to have been found in the sputum. 
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In this diagnosis, a 2 per cent error in either direction is still an appreciable error, and 
to remove even two lungs out of 100 whieh do not need removal is a risk whieh cannot 
and should not be taken. . 


DR. EDWARD E. AVERY, Hines, [l.—I would like to add to the statistical series, 
fifty cases of bronchiogenic carcinoma which were resected by Dr. Jerome Head at Hines 
Hospital. 

Under Group 1, the hilus tumors, twenty-nine were resected and 4 patients are living 
for a period of more than two years. 

Of Group 2, peripheral circumscribed tumors, fourteen were resected; five patients are 
now living. 

Of Group 3, peripheral invasive tumors, seven were resected and all patients are dead. 

We have been unable to correlate the cell type with the survival of our nine living 
patients. Five of them had undifferentiated carcinoma. 

Broders said that tumors are like a chain, only as strong as the weakest link, and the 
malignancy depends upon the most anaplastic cell in a tumor; therefore, the complete 
tumor must be sectioned, and all sections reviewed. 

We had an interesting patient which we were about to chalk up as a five-year cure. 
He returned in four years and eight months with recurrence in the opposite lung, and his 
original tumor was an undifferentiated carcinoma. 


DR. JOHN H. GIBBON, JR., Philadelphia, Pa.—I must say that I disagree with my 
good friend, Jerry Head, and firmly agree with Dr. Graham. I think that the proper opera- 
tion in dealing with carcinoma of the lung is pneumonectomy. The one case in which we 
did a partial resection was erroneously diagnosed a tuberculoma at the time of operation. 

I agree with Dr. Head that it is extremely important, if possible, to make the diagnosis 
before exploration. In our thirty-one explored cases there were four in which we could not 
make a positive diagnosis before operation. It also may be quite difficult at the time of 
operation to be sure that you are dealing with a malignant tumor. 

So far we have not yet removed a lung because of a mistaken diagnosis of cancer. I 
quite agree with Dr. Head that you must be very sure of the diagnosis before performing 
a pneumonectomy. 


DR. PETER A. HERBUT, Philadelphia, Pa—As far as the positive diagnoses are 
concerned, our results in the last sixty cases are even better than the ones we showed in the 
over-all picture, for in these we missed only three cases which brings the total to about 
95 per cent. 

We have not made any false positive diagnoses in the last year. Prior to that time 
I called two cases carcinoma that were not. In rechecking each of these I would now call 
them negative. 

There were two other cases that aroused a suspicion of carcinoma, but I did not give 
an outright diagnosis. In both of these there was a single clump of epithelial cells of 
the stratified-squamous type, which represented a metaplasia. Each patient had an abscess 
of the lung. We have seen several such cases since then, and have not misinterpreted any 
of them. 

Tuberculosis offers us no difficulty. As a rule we can pick out such cases from exam- 
ining the smears for they have a distinct cytological pattern. 

I would like to add just one more thing. In many of the cases, there are no secretions 
in the bronchi whatsoever at the time of bronchoscopic examination. In these, Dr. Clerf 
has recently been instilling 2 to 5 ¢.c. of saline into the segment suspected of containing the 
cancer, reaspirating the washings and sending them to the laboratory. Since Christmas, we 
have made a positive diagnosis in nine such cases where there were no secretions available 
otherwise. 


DR. HAROLD NEUHOF, New York, N. Y.—Concerning the question of late results in 
cancer of the lung, reference has been made to the fact that there is little to be judged by a 
two-year result. I am sure that Dr. Adams will speak for himself, but it is of interest to 
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note that we each separately arrived at the same conclusion, and certainly not in any 
planned way. Indeed, we were surprised to learn that there was a sharp line of cleavage 


represented by the two-year period after operation. 

’ It is therefore only fair to emphasize the fact that after two years, there is this 
almost complete drop—all the way up to whatever number of years we have reported—in 
the incidence of recurrence or metastasis in these cases, and it would seem that rather than 
to assume this to be accidental to consider it due to the peculiar feature of cancer of the 
lung, under a certain set of circumstances, 

I refer specifically, of course, to the question of regional node involvement. Mention 
has been made of the analogy which one could draw, let us say, between cancer of the 
breast and that of the lung, but we believe the evidence is that this analogy cannot be 
made, by virtue of the fact that, according to our observations, a substantial proportion of 
patients with cancer of the lung, chiefly those with circumscribed cancer of the lung, are 
patients in whom there is no regional node involvement at the time of operation. 

The recognition of the absence of regional node involvement is not, of course, on the 
basis of inspection as has been suggested but in those cases in which there are nodes as 
in instances in which there is a circumscribed cancer of the lung for which lobectomy is 
proposed, frozen sections are taken of any nodes that appear to be involved and a lobectomy 
is not proceeded with unless there is no known regional node involvement. 

There is one aspect of our observations to which I should like to call attention, and 
that is what appears to be something in the nature of an emergency situation when the 
diagnosis of cancer of the lung is made, and more particularly, perhaps, in cases of known 
slowly growing tumors. For example. Some little time ago Dr. Aufses operated upon a man 
who had a known slowly growing tumor without any additional symptoms. The operation 
was deferred for some time merely because it was a tumor which grew so slowly. This was 
a circumscribed tumor, and at the time of the exploratory operation, there was extensive 
involvement by carcinoma of the pleura, undoubtedly a very recent development. 

More recently there was a patient, a man of 60 years, who had a slowly growing tumor 
in the left upper jobe, on whom operation was deferred because he wished to attend the 
wedding of his daughter, about three weeks from the time the diagnosis was made and the 
decision made to operate. Two and one-half weeks after the time he was seen, he com- 
plained of some pain in the right chest opposite to the side of the tumor. <A film then re- 
vealed a destruction of one rib due to a blood-borne metastasis. 

It has been a surprise to us to have found that a substantial proportion of patients 
with or without regional node involvement may develop blood-borne metastasis virtually any 
time during the period of tumor growth. Thus it would seem to us to make imperative an 
emergency approach to the attack by surgery when the diagnosis has been established and 
the case deemed favorable for surgical eradication. 





THE EFFECT OF PULMONARY INFLATION AND DEFLATION 
UPON THE CIRCULATION 


Samueut Aucorr THompson, M.D., F.A.C.S. 
New York, N. Y. 


N previous articles we have described several methods of observing the effect 

of artificial respiration upon the circulation in animals.'* This present 
paper is a critical review of all of the methods which we have used and a sum- 
mary of the observations related to this work. 

The basic method of determining the circulatory effects of artificial respira- 
tion is the intravascular injection of tracer substances and the observation of 
the movement of these tracer substances during the application of some form 
of artificial respiration. 

The tracer substances which we have used are radioactive sodium, fluores- 
eein, and oxygen. Another method which we have not vet reported is the use 
of Diodrast. This is injected intravaseularly and its movement is observed 
under the fluoroscopie screen or by means of x-ray films. 

Any cardiae activity is a variable factor in circulatory movement. Any 
active respiration is also a variable factor in circulatory movement. In order 
to remove as many variables as possible and to disassociate cardiae activity and 
respiratory movement, the experiments were carried out on animals a short 
time after they had succumbed to asphyxia. 

The efficiency of artificial respiration varies with each method. The manual 
methods are inefficient, inconstant, and uncontrollable. [or these reasons they 
were not used. The mechanical methods are more efficient, and can be eon- 
trolled by a constant pressure. For these reasons, the mechanical methods were 
used. All methods of artificial respiration produce pulmonary ventilation in 
one of three ways: (1) inflation of the lungs; (2) deflation of the lungs; or 
(3) a combination of inflation and deflation of the lungs. We used all three 
methods to determine their relative effects upon the circulation. 


TECHNICAL PROCEDURE 


All of the experiments were performed on dogs. The animal was anesthetized by intra- 
peritoneal nembutal. One femoral artery and one femoral vein were exposed, cannulized, and 
the cannulas left in situ. An endotracheal tube with occlusion cuff was then inserted and the 
cuff inflated to make a leak-proof and closed connection with the lungs. Arterial and venous 
blood specimens were now collected for control comparisons. To prevent the intravascular 
clotting of blood which occurs soon after death, 2 to 5 ¢.c. of heparin were injected into the 
femoral vein. About five to ten minutes after the heparin was injected, the endotracheal 
tube was completely clamped off and the animal was allowed to succumb by obstructive 
asphyxia. 

Clinical death took place in about eight to ten minutes but to insure complete (biological) 
death with no subsequent cardiac activity, the endotracheal tube remained clamped off for 
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an additional twenty to thirty minutes. At the end of this time the endotracheal tube was 
unclamped and connected to a resuscitator. The resuscitators used a positive pressure of 
plus 14 mm. of mereury and a negative pressure of minus 9 mm. of mereury. The rate was set 
at 16 to 20 respirations per minute. The tracer substance was now injected into the femoral 
vein or artery and the resuscitative procedure was started and continued for forty-five to 
sixty minutes. To counteract any possible effect of gravity in causing diffusion of the tracer 
substance toward the heart, the animal was placed on an incline plane with the head elevated 
about 20 degrees. 

In the experiments where radioactive isotopes were used as a tracer, about 2 ¢.e. of 
normal saline containing 50 to 60 microcuries of radioactive sodium, were injected into a 
femoral vein or artery. The Geiger-Mueller counter was placed against the neck of the dog 
in proximity to the carotid artery, and the resuscitative procedure started. During this period 
the counts per minute registered by the counter were recorded and plotted on a curve. At the 
end of the resuscitative time, samples of blood were taken from the femoral vein and artery 
of the opposite leg, from the right and left side of the heart, the jugular vein and carotid 
artery. Measurements were made of the radioactive sodium contained per cubic centimeter of 
each of these samples. 

Experiments were carried out with the following combination of conditions (Fig. 1): 

Intravenous sodium with alternating inflation and deflation of the lungs; inflation 


alone; or deflation alone. 

Intra-arterial sodium with alternating inflation and deflation o# the lungs. 

Controls, with intravenous sodium with heparin and no resuscitative procedure; or 
alternating inflation and deflation with no heparin, 

In the experiments where oxygen was used as the tracer substance, the animal was pre- 
pared in the same manner as described above. A sample of blood was removed from the 
femoral vein and artery for analysis of its oxygen content or tension. Again the heparin 
was injected and the animal was allowed to succumh to obstructive asphyxia. About twenty 
to thirty minutes after death another sample of blood was removed from the femoral artery 
and vein and analyzed for its oxygen tension. The endotracheal tube was connected to a 
resuscitator and one of the resuscitative procedures was begun and continued for forty-five to 
sixty minutes. At approximately five-minute intervals additional specimens of blood were 
taken from the femoral vein and artery for analysis of the oxygen tension. 

Experiments were done with inflation of the lungs; with deflation and with a combina- 
tion of inflation alternating with deflation of the lungs (Figs. 2 to 7). 

In those experiments where fluorescein was used as the tracer substance, the animal was 
prepared in the same manner as described above. About twenty to thirty minutes after 
the dog had succumbed to obstructive asphyxia, 2 ¢.c. of a fluorescein solution were injected 
into the femoral vein or artery and the resuscitative procedure was started. 

Inflation of the lungs or deflation or a combination of the two was continued for about 
thirty to sixty minutes, during which time frequent observations were made with an ultra- 
violet light for evidence of fiuorescein in the skin or mucous membranes of the oral cavity 
(Figs. 8 to 10). Fluorescein is a substance having the property of emitting a very intense 
golden-green light when it is illuminated by ultraviolet light and is thus grossly visible. 


RESULTS 


When the radioactive sodium and Geiger-Mueller counter were used our 
observations showed that the inflation and deflation of the lungs produced a 
forward movement of the blood, which was cireulated in the normal direction ; 
a tracer substance injected into a peripheral vein was earried to the right heart, 
then to the lungs, to the left heart, to the arteries, and back to the veins again. 
This cireulatory movement, without benefit of cardiac activity, appears to be 
due to the filling and emptying of the pulmonary capillaries produced by the 
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artificial respiration. While this circulatory movement is in no way comparable 
in volume or rate to the movement produced by eardiae activity, it is, neverthe- 
less, a definite cireulatory movement and in the normal direction (Fig. 1). 
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Fig. 1—No. 1, Héparin; intravenous sodium; double action resuscitator. 
No. 2, Heparin; intravenous sodium; double action resuscitator. 

No. 3, Heparin; intra-arterial sodium; double action resuscitator. 

No. 4, No heparin; intravenous sodium; double action resuscitator. 
No. 5, Heparin; intravenous sodium; suction only. 

No. 6, Heparin; intravenous sodium; pressure only. 

No. 7, Control; heparin; intravenous sodium; no resuscitator. 
(Courtesy of Surg., Gynec. & Obst.) 


The intra-arterial injection of the tracer required a longer time to reach 
the counter by reason of the fact that it had to pass from artery to capillary 
before getting to the veins. 
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A control in which no resuscitation was used showed that the tracer sub- 
stance remained where it was injected without diffusion. A control in which 
no heparin was used showed the intravascular clotting of the blood which pre- 
vented any circulatory movement (Fig. 1, no. 7). 
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Fig. 2.—Alternating positive and negative pressure with 100 per cent oxygen used on three 
dogs. The vertical line shows the _blood oxygen tension in volume per cent. The horizontal line 
indicates the time in minutes. (Courtesy of Surg., Gynec. & Obst.) 

Experiment 1: _The arterial blood oxygen tension has regained its preasphyxia level in 
approximately ten minutes after resuscitation was started. 


Experiment 2: The arterial blood oxygen tension rose rapidly and has passed its pre- 
asphyxia level in eleven minutes after resuscitation was started. 


Experiment 3: There was a rapid rise of the arterial blood oxygen tension in the first 
ten minutes of resuscitation followed by a more gradual rise. The blood became bright red in 
fifteen minutes. 


When the fluorescein was used our observations also showed that the in- 
flation and deflation of the lungs produced a forward movement of the blood 
which was circulated in a normal direction and the tracer substance was carried 
from vein to right heart, to lungs, to left heart, to artery, and back to vein 
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again. Autopsies showed the tracer substances in the coronary vessels as well 

as in the vessels of the brain. The shortest time required for this tracer to be 

moved from the femoral vein to the oral mucous membrane was ten minutes 
a 

(Fig. 8). 








VoL % Figure 3.- ComPosiTE OF THE THREE 
O2 EXPERIMENTS SHOWN IN FIG 2. 
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Fig. 3.—This is a composite of the three experiments in Fig. 2. The oxygen tension of 
the arterial blood rose rapidly in the first fifteen minutes of resuscitation, continued to rise, 
and at forty-five minutes was much higher than the preasphyxia level. The arterial blood be- 


came bright red in fourteen minutes. This charted curve is superior to those shown in Figs. 5 
and 7 and indicates a more efficient movement (volume and speed) of the blood column by this 
method. (Courtesy of Surg., Gynec. &€ Obst.) 

A control in which no resuscitation was used showed only slight local dif- 
fusion of the tracer. Another control in which no heparin was used showed 
intravascular clotting of the blood with only slight local movement of the tracer 
substance. 

When oxygen was used as the tracer substance, the only place where the 
blood cells could become oxygenated was in the pulmonary eapillaries. The 
only way these oxygenated cells can be transported from the pulmonary 
capillaries to other parts of the body is through the vaseular system. 
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The method of frequent analysis of the blood taken from the femoral ves- 
sels while the lungs were inflated and deflated with oxygen made it possible 
to detect any change in the oxygen tension of the peripheral blood. After 
asphyxia, the appearance and gradual increase of oxygenated cells in the femoral 
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Fig. 4.—Negative pressures and release with 60 per cent oxygen was used in three experi- 
ments. (Courtesy of Surg., Gynec. & Obst.) 

Experiment 1: The arterial blood oxygen tension was lowered at first and later began to 
climb. It gained its preasphyxia level in approximately fifty minutes after resuscitation was 
started. 

Experiment 2: The arterial blood oxygen tension reached its preasphyxia level in ap- 
proximately twenty minutes after resuscitation was started. 

Experiment 3: The arterial blood oxygen tension did not reach its preasphyxia level in 
forty-five minutes, although the blood became bright red in nine minutes. 


artery constitutes definite proof of the forward movement of the blood from 
the pulmonary capillaries to the femoral artery. As the heart is no longer beat- 
ing or active this forward movement of the blood is produced by the me- 
chanieal inflation and deflation of the lungs acting upon the pulmonary 
capillaries. 
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In these experiments, the shortest time in which the oxygen tension of the 
blood in the femoral artery had regained its normal preasphyxia level (Fig. 2) 
was ten minutes after artificial respiration was begun. 

A control in which no resuscitator was used showed no change in the femoral 
artery blood oxygen tension. Another control in which no heparin was used 
showed intravascular clotting and no change in the blood oxygen tension. 
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Fig. 5.—This is a composite of the three experiments in Fig. 4.°The arterial blood oxy- 
gen tension fell at first and later rose, but required approximately forty-five minutes to re- 
gain the preasphyxia level. This curve is inferior to that of Fig. 3, where positive and negative 
pressures were used. (Courtesy of Surg., Gynec. & Obst.) 





DISCUSSION 


The mechanical inflation and deflation of the lungs produce a dilatation 
and compression of the pulmonary capillaries which results in a movement of 
the blood contained in these capillaries. This movement is in a normal direction 
and completes the circuit from lungs to left heart to arteries to veins to right 
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heart and back to the lungs again. This movement can be determined by the 
use of the three tracer substances just deseribed. It is not likely that the vol- 
ume or rate of such a blood movement alone could be life sustaining. How- 
ever, in resuscitation such a blood movement might be of value in stimulating 
eardiae activity and protecting the brain cells from prolonged anoxia. 








Vgi% = Fi. 6. 



































26 

24 - | a - es ae oe! oe 

22 » cr. = s 
eos ne MD Bi tates ae 












































jo uc oN ‘ oo = : L : : a ae ae a | 
= Exper.1.- Aland A2 




































































8 yf _| ” 2 ae Bl ” Be 
“ a | = 3-CL* C2 
ARP aN : 

0 | bee ibid Reno) Boal ana one eg Eee! Soren. maa C2 









































o S§ 10 (5 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 








TIME IN MINUTES 


Ai-Bl1- Cl ARTERIAL OXYGEN TENSION 
A2-B2- C2 = vie: Venous OXYGEN TENSION 











ArTERIAL Btoop Became Briout RED 
t RESUSCITATION STARTED (Positive Pressure) 

Fig. 6.—Positive pressures and release with 100 per cent oxygen was used in three ex- 

periments. (Courtesy of Surg., Gynec. & Obst.) 


Experiment 1: The arterial oxygen tension did not reach its preasphyxia level in sixty- 
five minutes. The blood became bright red in thirty-five minutes. 

Experiment 2: The arterial blood oxygen tension reached the preasphyxia level in about 
twenty minutes. 

Experiment 3: The arterial blood oxygen tension rose rapidly and reached the pre- 
asphyxia level in approximately fifteen minutes. 


The type of resuscitation appears to make a considerable difference in the 
speed and volume of the blood movement. A study of the charts and tables 
shows that in all three groups of experiments the use of positive pressure in- 
flation alternating with (suction) negative pressure deflation of the lungs 
was on the average about 100 per cent more efficient in the rate and volume of 
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blood movement than was either positive pressure alone or negative pressure 
alone (Figs. 1, 3, 5, and 7 to 10). This fact is interesting since many authors 
on resuscitation feel that the addition of negative pressure (suction) deflation 
in resuscitation is either unnecessary, or harmful, or has no value. 
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Fig. 7.—This is a composite of the three experiments in Fig. 6. The arterial blood oxygen 
tension rose rapidly in the first twenty minutes of resuscitation. This curve is inferior to that 
of he 3, where positive and negative pressures were used. (Courtesy of Surg., Gynec. € 

bst. 


A further study of the records shows that there is little difference between 
inflation alone or deflation alone, although a slightly better result is obtained 
with deflation. Neither of these when used alone can compare in efficiency with 
the combination of the two. 


The controls in which no heparin was used showed the value of this drug 
in resuscitation. As long as the blood remains in a fluid state it ean be cireu- 
lated over the entire body by the artificial respiration. Once intravascular 
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clotting has occurred there is no longer the possibility of blood cireulation and 
this is the end of all successful resuscitation. Heparin prevents intravascular 
clotting and keeps the blood in a fluid state and thus prolongs the possible 
resuscitation time. 

In mechanical inflation and deflation of the lungs we have a method of pro- 
ducing pulmonary ventilation as well as cireulation of the blood. 


EXPERIMENTS WITH POSITIVE AND 
NEGATIVE PRESSURE RESUSCITATION. 
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APPEARANCE OF THE DYE IN THE ORDER OF ITS Frequency 


Fig. 8.—Appearance of the dye at various sites when alternating positive and negative pres- 
sures are used. 


CONCLUSIONS 

We have described a method of observing the effect of mechanical artificial 
respiration upon the cireulation when the heart is no longer beating. This is 
done by the introduction of tracer substances into the vascular system of animals 
immediately after death and by observing the movement of these tracers while 
the lunes are inflated and deflated. The tracers used were radioactive sodium, 
fluorescein, and oxygen. 

By this method we have shown that the mechanical inflation and deflation 
of the lungs produces an actual movement of the blood column and that the 
blood ean be eireulated in this way over the entire body without the benefit of 
any heart action whatever. The clinical application of this knowledge in 
resuscitation is of twofold importance: (1) the oxygenated blood in the pul- 
monary capillaries would be transported to the brain and heart; (2) intravaseu- 
lar medications would also be transported to the vital centers of the body. 
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Fig. 9.—Appearance of the dye at various sites when negative pressure only (suction) was used. 
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Fig. 10.—Appearance of the dye at various sites when positive pressure only was used. 
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The value of heparin in resuscitation has been demonstrated. 

Those mechanical resuscitators employing alternating positive and negative 
pressures were by far more efficient in circulating the blood than were those ma- 
chines employing only positive or negative pressures alone. 
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DISCUSSION 

DR. JOHN H. GIBBON, JR., Philadelphia, Pa. 
gratulated on his lucid presentation of these accurately controlled experimental observations. 

He has conclusively demonstrated, by at least three methods, that a circulation of blood 
oceurs when the lungs are subjected to alternate positive and negative air pressures. ‘This 
work confirms the remarks which Dr. Beck made in commenting on Dr, Mautz’ paper, that 
a mechanical respiratory apparatus is of considerable value in resuscitating patients. 

I should like to ask Dr. Thompson two questions, Is there a slight suction effect through 
the left side of the heart when samples of arterial blood are removed to determine their 
oxygen content? I rather imagine that this does not occur, because there was a considerable 
difference between the effects of positive and negative pressure together, and positive pressure 


I think Dr. Thompson is to be con- 





alone, or negative pressure alone. 

The second question I would like to ask him is whether he made any observations on 
pulmonary edema in these Jungs. The method of killing the animal by complete obstruction 
of the trachea, with the marked respiratory efforts which are made, should tend to produce 


a considerable amount of pulmonary edema. 


DR. SAMUEL A. THOMPSON, New York, N. Y.—Thank you very much, Dr. Gibbon. 

The movement of blood, or, rather, the movement of any section of the blood eolumn, 
produces a corresponding movement of the blood above and below that section which is moved, 
and this same question had occurred to us; namely, that if, by frequent removal of blood 
samples from the femoral artery, we would not perhaps suck our tracer substance—in this in- 
stance, oxygen—down from the lungs toward the femoral artery. We did a control on one 
animal in which no inflation or deflation was used, and the blood oxygen level stayed the 


same; there was no change. 

As to the presence of pulmonary edema, the pathology of asphyxia is the same as passive 
congestion. It occurs not only in the lungs, but in all the organs of the body, and we made 
no particular observation as to the development of pulumonary edema. 


























THE REGENERATION OF DEFECTS OF THE TRACHEA AND 


BRONCHI. AN EXPERIMENTAL STUDY 


Rouuin A. DANtEL, JrR., M.D. 
NASHVILLE, TENN. 


N 1940, Taffel published his findings on the repair of tracheal and bronchial 
defects in dogs with free grafts of fascia. These defects were created by the 
excision of full-thickness windows from the cervical trachea. Patches of fascia 
were securely sutured in place to cover the openings. The open ends of bronehi 
following lobectomy and pneumonectomy were covered with grafts of fascia in 
the same manner. He found that the healing process followed the same pattern 
in all animals. The fascia was replaced by dense, collagenous connective tissue. 
The bronchial mucosa usually had completely covered the defect in two weeks. 
The epithelial cells were low cuboidal or flattened at first but later appeared 
normal. Mucous glands appeared in the submucosa after the third week. 
New cartilage cells were seen at the cut ends of the tracheal and cartilage rings 
but this new cartilage appeared to take little part in filling the original defect. 
The animals were sacrificed at intervals of from one to twelve weeks. 
Our interest in this problem was aroused by the observation of a patient, 
a physician 42 years of age, who died of carcinoma of the trachea two vears after 
the diagnosis was made. He had been treated at intervals with interstitial radi- 
ation in the form of radon seeds implanted through the bronchoscope, and with 
deep roentgen therapy. He came under our care four weeks before he died. The 
lesion was located about 4 em. above the carina. His death was due to tracheal 
obstruction. 
The experimental study reported here was undertaken to determine the 
feasibility of the use of rigid tubes to bridge defects in the trachea and primary 
bronchi. This study is still in progress. 


METHODS 


Forty-two mongrel dogs were used in this study. The weight of the animals varied be- 
tween 8 and 20 kg. Large dogs were used in most of the experiments. The ages of the 
animals are not known. 

All operations were carried out under aseptic conditions, using sodium-pentobarbital 
anesthesia administered intravenously. Intermittent insufflation of air was delivered through 
an intratracheal catieter. 

Three types of experiments were carried out: 


GROUP I.—A part of Taffel’s work was repeated. Thirteen dogs were used. The 
anterior wall of the trachea was exposed through a longitudinal incision in the neck. Windows, 
about 8 mm. square, were created through the full-thickness of the wall of the trachea. The 
methods of closure of these defects are outlined below. The wound of the soft tissues of the 
neck was closed in layers with fine interrupted silk sutures. Twelve animals survived. 

From the Department of Surgery, Vanderbilt University School of Medicine, Nashville. 


Read at the Twenty-seventh Annual Meeting of The American Association for Thoracic 
Surgery, St. Louis, Mo., May 28, 29, and 30, 1947. 
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(a) In three dogs the defects were covered with free grafts of fascia, using interrupted 
fine silk sutures as was deseribed by Taffel. The dogs were sacrificed two, four, and eight 
weeks postoperatively. 


(b) In seven dogs the defects were covered with a layer of ‘fibrin film’’ sutured in 
place with overlying sutures of silk. 

There was one death in this group, due to obstruction of the trachea by the film which 
slipped into the lumen of the trachea on. the third postoperative day. The remaining animals 


were sacrificed at intervals from three days to twelve weeks after operation. 


Fig. 1.—Showing method of fixation of tube used to bridge defects in trachea. 


(c) In three dogs the tracheal windows were covered by simply suturing the overlying 
cervical connective tissue tightly over the trachea. These animals all survived, and were 
sacrificed two, four, and six weeks after operation. 


Group II.—Twenty-one animals were operated upon. The right thorax was entered 
through the right third intercostal space. The mediastinal pleura was incised over the trachea 
and the trachea was freed from the loose connective tissue which normally surrounds it. 
Using a sharp scissors or knife, a segment of the trachea was excised. A metal or glass tube 
was then quickly inserted into the proximal or distal cut end of the trachea and was tied in 
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place with an encircling ligature of heavy braided silk. The remaining cut end of the trachea 
was drawn over the other end of the tube and was anchored with an encircling ligature. The 
average time required to accomplish the insertion and fixation of the tube was three minutes 
and the maximum time was five minutes. Great care was taken to eut across the trachea 
between the cartilage rings. There was considerable retraction of the cut ends of the trachea 
and tension on the braided silk ligatures when they were tied around the tube (Fig. 1). When 
the tube was fixed in place, the mediastinal connective tissue and pleura were brought together 
with interrupted silk sutures and the wound of the chest wall was closed in layers. 


GLASS TUBE 


MAIN BRONCHUS 


2.—Diagram showing structures excised from Dogs 102 and X-14. The method of 


Fig. 
—— of the glass tube into the ends of the trachea and left main bronchus are also illus- 
rate 


The tubes were made of glass, stainless steel, or vitallium.* The success or failure of the 
experiment appeared to have no relation to the kind of material used in the tube. The inside 
diameter of the tubes varied from 8 to 10 n.m and each tube had a flange about 1.5 mm. 
high near or at each end which prevented the tube from slipping out of the ends of the 
trachea when the encircling ligatures were tied in place (Fig. 4). 

Six animals died within five days after the operation. Two died within six hours and 
autopsy revealed death to have been caused by the presence of blood in the trachea and 
bronchi. In three animals death was due to the cutting through of the ligatures and leakage 
of air from one end of the tube. One of these animals died on the second and two others on 
the third postoperative days. The sixth dog died five days after operation of massive pleural 
effusion. The tube was held firmly in place and there was no infection. 

The remaining fifteen animals were sacrificed at intervals of from two weeks to six 
months (Table I). The trachea was removed and microscopic sections were made after 
fixation of the specimen in a 10 per cent solution of formalin. 


GROUP III.—Eight animals were operated upon in this group. The right thorax was 
opened through the fifth intercostal space. The entire right lung, the lower end of the 
trachea (four cartilage rings) and the upper end of the left main bronchus (one cartilage 
ring) were excised ‘‘enbloc.’’ A curved tube with flanges at each end was tied into the end 
of the trachea and the end of the left main bronchus (Fig. 2). 

The mediastinal pleura was closed over the tube with interrupted silk sutures and the 
wound of the chest wall was closed in layers with interrupted sutures of silk. 

Only two dogs survived this operation. One of these animals was sacrificed six months 
after operation and the other fourteen months after operation. In the first six experiments 


*The vitallium tubes used in this study were furnished by the Austenal Laboratories, Ine,, 
224 E. 39th St.. New York, N. Y. 
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vitallium tubes which were bent to an angle of about 120 degrees were used. The lumen of the 
tube was smaller at the lower (bronchial) than at the upper (tracheal) end. The flanges 
were constructed about 3 mm. from the ends of the tubes. 

The causes of death in these six animals were as follows: Three animals died from 
leakage of air into the pleural cavity and collapse of the lung. The ligature at the lower 
end of the tube had cut through the bronchus and the tube and bronchus had come apart. 
Death oceurred two, five, and six days after operation. Two animals died within six hours 
after completion of the operation and their deaths were caused by impingement of the side of 
the lower end of the tube upon the upper lobe bronchus, causing occlusion of the lumen of the 
bronchus. The sixth animal died about six hours after operation from hemorrhage from the 
cut end of the azygos vein, which had been divided at operation between ligatures to allow 
adequate exposure of the trachea and the hilum of the right lung. 








EN 
6} 216 | 9 


Fig. 3. Fig. 4. 
































Fig. 3.—Photograph of the type of curved tube used in experiments No. 102 and X-14. 

Fig. 4.—Dog 2-B sacrificed three weeks after operation. A, Silk markers. B, Braided silk 
ligature. 

In the last two experiments tubes were used which were made from Pyrex glass test 
tubes having inside diameters of 9.5 mm. These tubes were curved to an angle of 90 
degrees and the flanges were placed at the ends of the tubes (Fig. 3). These animals were 
sacrificed six months and fourteen months after operation. 


DISCUSSION OF FINDINGS 

Group I.—(a) The three animals in this group in which fascia grafts were 
used were sacrificed two, four and eight weeks after operation. There had been 
no apparent leakage of air from the trachea and no respiratory difficulty was - 
noted. The wounds were all well healed. The trachea appeared to be very 
slightly narrowed in the animal which lived for eight weeks. The findings were 
otherwise exactly as have been described by Taffel, both on gross and microscopic 
examination. 

(b) The findings in these experiments were somewhat different. The six 
animals which survived were sacrificed at three days, one week, three weeks, 
four weeks, and twelve weeks. At three days the fibrin film was found to 
be fixed tightly in place. The overlying connective tissues were rather firmly 
attached to it. Microscopie sections showed invasion and beginning re- 
placement of the film by granulation tissue, growing from the cut edges of the 
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trachea and from the overlying connective tissues of the neck as well. There 
was beginning regeneration of flattened epithelium at the edges of the tracheal 
defect. At one week the film was not recognizable grossly or on microscopic 
section. The entire defect was filled with granulation tissue which was thickly 


Fig. 5.—Microphotograph of wall of trachea removed from Dog 2-B. C, New cartilage (about 
«10 


). 


Fig. 6.—High power microphotograph (about 200) showing the border of smaller cartilage 
ring shown in Fig. 5. 


infiltrated with leucocytes. There was some regeneration of epithelium at the 
edges. At three weeks epithelium had completely covered the inner surface of 
the trachea. In the center it was composed of a single layer of flat cells. The 
granulation tissue and fibrous connective tissue underlying the epithelium were 
still infiltrated with many leucocytes. The trachea was narrowed slightly and 
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TABLE I. DEFECTS OF THE TRACHEA 








NO. 


i. 


DOG 


NO. 
CARTILAGE 
RINGS 
EXCISED. 
TYPE TUBE 
| USED 


TIME AFTER 
OPERATION 
ANIMAL 
SACRIFICED 


FINDINGS 





GROSS 


| MICROSCOPIC 





2-C-] 


2 vitallium 


2 weeks 


Clean granulation tissue|Small island new _ cartilage 
covers defect; ligatures} growing from edge of old 


have cut through, 


lie| cartilage ring; three areas 


against tube (no silk} of homogenous, neutrophilic 


markers). 


‘‘matrix’’ having small cells 
seattered through it; begin- 
ning growth of epithelium 
near end of defect. 





E-12 


3 stainless 
steel 


» 


24 weeks 


Clean granulation tissue|/One very small island cartilage 
around tube; ligature} near one end of defect; 
lying against tube (no! granulation tissue fills de- 


silk markers). 


fect elsewhere; beginning 
growth of granulation tissue 
at ends of defect. 








2-B 


3 vitallium 


3 


weeks 


Clean granulating 


sur-}Three small islands of ear- 


face; silk markers|  tilage in thick layer of gran- 
around cartilage rings} ulation tissue; epithelium 
at each end of defect.| beginning to grow from cut 


ends over granulating sur- 
face. 





3 vitallium 





| 


4 


1 weeks 


Clean granulating 
face; silk markers 
place. 


sur-|Two islands new cartilage in 
in| thick layer of granulation 


tissue; beginning growth of 
epithelium from cut ends of 
defect. 





| 
9-0-2 | 


3 vitallium 


weeks 


Tube displaced inferiorly;|Two areas new cartilage near 


moderate — stricture 


of| one end of defect; two other 


trachea; surface clean} areas of homogenous ‘‘ma- 
granulation tissue; silk] trix’’ which is acidophilic 


markers in place. 


and one small island car- 
tilage near opposite end of 
defect; slight growth of 
epithelium. 





9-C 


2 vitallium 


5 


weeks 


Clean granulating 


sur-|Two small islands of cartilage 


face; tube held tightly} near one end; thick layer of 
in place; silk markers! granulation tissue; early 


in place. 


growth of epithelium. 
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F-1 


X-5 


1 vitallium 


5 


L weeks 


{ 
| 


Tube held tightly in place|One fairly well-developed car- 
by sear tissue covered| tilage ring in thick layer of 
with clean granulation} granulation tissue in middle 
tissue (no silk markers).| of defect; epithelial growth 


at ends of defect. 





4 vitallium 


} weeks 


Tube firmly held in place;|Three distinct cartilage rings, 
surface of defect clean,| irregular in form, lying in 
pink, smooth—wall| thick layer of granulation 


firm; silk markers 
place. 


in| tissue; epithelial regenera- 


tion at ends of defect. 





X-42 





12 glass 





} 
| 
| 
| 
| 
| 


weeks 





Tube held firmly in place;|Only two cartilage rings—one 
silk ligature lying} 1 cm. from lower end of de- 
against glass tube; sur-| fect—another 1 em. from 
face of defect smooth,] upper end of defect; thin 


pink, clean. 


layer of granulation tissue ; 
dense collagenous connective 
tissue underlying granula- 
tions; early epithelial regen- 
eration. 



































there appeared to be a definite diminution in the size of the defect. 


























brane; tube firmly held 
in place; wall around 
tube very firm, white 
(no silk markers used). 
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TABLE I—Cont’p 
NO. al ie 7 
SARTILAGE 
RINGS TIME AFTER 
EXCISED. OPERATION — FINDINGS 
DOG TYPE TUBE ANIMAL | 
NO. USED SACRIFICED GROSS MICROSCOPIC 
10. 3 vitallium 63 weeks | Tube firmly in place, held|Three rings of new cartilage; 
222 by sear; surface clean| thick layer granulation tissue 
granulation tissue; silk| and fibrous connective tis- 
markers in place. sue; epithelial growth at 
ends of defect. 
i 3 vitallium 8 weeks | Tube held firmly in place|/Six rings of new cartilage, 
826 by scar tissue; surface} small well developed; growth 
smooth, glistening gran-| of epithelium at ends of 
ulation tissue (no silk} defect. 
markers). 
12. 3 stainless 8 weeks | Tube held firmly in place}Three islands (rings) of car- 
44 steel by sear tissue; surface} tilage, not as well developed 
smooth, glistening gran-| as in Dog 326; early growth 
ulation _ tissue; silk} of epithelium at ends. 
- markers in place. 
os 3 stainless 10 weeks Tube firmly in place;|Three islands (rings) of car- 
22 steel smooth glistening gran-| tilage; fairly well developed 
ulating surface against} but much smaller than the 
tube (no silk markers| normal adult tracheal rings; 
used). beginning growth of epithe- 
lium. 
14. 13. glass 9 weeks | Tube in place; inner sur-| Five islands of cartilage, fairly 
309 face glistening; defect well developed—two near 
| about 1 em. shorter} one end of defect, three near 
than at completion of| the other; 2 em. area in 
operation (length of| center contains no cartilage; 
original defect: 5 em.);| moderate regeneration of 
_ silk markers in place. epithelium at each end. 
1d. 4 stainless 6 months | Almost complete regenera-|Two well-developed rings of 
144 steel tion of mucous mem-| cartilage with flattened 


epithelium bearing no cilia 
covering these; two other 
rings, smaller and less well 
developed in granulation tis- 
sue and scar tissue in area 
not yet covered by epithe- 
lium. 


At four 


weeks most of the leucocytes had disappeared and the granulation tissue had been 
converted into dense adult fibrous connective tissue. 
was markedly narrowed, the ends of the cartilage rings being only 2 mm. apart. 
At the end of twelve weeks the findings were much the same. Healing was com- 


plete and there was moderate stricture due to contracture of sear tissue. 


epithelial cells were taller and most of them bore cilia. 


The diameter of the trachea 


The 


(ec) The healing of the defects in three animals in which no graft was 
used, differed slightly from those in which fibrin film was used. These dogs were 
sacrificed two, four, and six weeks after operation. 
of the neck had protruded into the lumen of the trachea. Epithelial regeneration 
was not complete in any of them, although, it was almost complete in the animal 


In all three the soft tissues 
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which lived for six weeks. There was some tracheal obstruction, due to the pro- 
trusion of granulation tissue into the trachea, and, in the animal sacrificed at 
six weeks, to diminution in the size of the defect. 

Group II—A summary of the data obtained is shown in Table I. The 
animals which did not survive the operative procedure are not included. 


Fig. 7.—Dog X-42, sacrificed six weeks after operation. Microphotograph (about X60) 
showing new cartilage cells growing in granulation tissue 1.5 cm. from the upper end of the 
tracheal defect. 


Fig. 8.—Dog 222, sacrificed six and one-half weeks after operation. Low power micro- 
photograph (about X12) showing old cartilage ring and two islands of new cartilage. M, Silk 
marker adjacent to old cartilage ring. C, New cartilage ring. 

In all but one dog the tube was held firmly in place by fibrous tissue and 
granulation tissue which enveloped it. The tube in dog 2-C-2 had slipped 
downward and its lower end was against the carina. This animal coughed fre- 
quently and had wheezing respiration for about a week before he was sacrificed. 
The remaining animals all tolerated the tubes well. They recovered quickly 
from operation, breathed comfortably, and, despite the fact that the lumen of 
the tube was in every ease considerably smaller than the trachea, wheezing was 
noted only occasionally. 
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In all experiments the braided silk ligatures had completely cut through 
the trachea and were lying against the tube. Small amounts of thick mucus 
were often present in the tubes and in the trachea. The silk markers referred 


Fig. 9.—Dog 222. Microphotograph (about X30) showing part of old cartilage ring with silk 
marker below it and part of new cartilage ring. 


Fig.’ 10.—Dog 222.’ Microphotograph canes i? showing margin of small cartilage ring 
to in Table I were sutures of fine silk, placed around the tracheal cartilage ring 
adjacent to the retracted cut ends and tied loosely. Two ties, one anterior and 
one posterior, were placed at the proximal end and two at the distal end (Fig. 1). 
These were used in a number of experiments in order to identify definitely these 
cartilage rings and to rule out the possibility that the ends of the trachea had 
been pulled together by the contracture of sear tissue. The markers were identi- 
fied easily at autopsy in all animals in which they were used (Fig. 4). 
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Microscopie examination of the specimen removed from dog 2-B, sacrificed 
three weeks after operation, showed a thick layer of granulation tissue which 
was densely infiltrated with leucocytes. In the widpertion. of the defect two 
small islands of cartilage were present (Figs. 5 and 6). These areas of cartilage 
were not found in the specimen removed from dog 2-C-1, sacrificed two weeks 
after operation. In dog E-12, one small nest of new eartilage cells was seen 
near the end of the defect. 


Fig. 11.—Dog 326, sacrificed eight weeks after operation. Microphotograph (about X12) 
showing one old ¢ artilage ring and several new poorly developed cartilage rings in the granu- 
lation tissue which have been cut at right angles; early regeneration of epithelium can be seen 
in one end of section. 


Fig. 12.—Dog. 326. Microphotograph (about X60) showing small island of new cartilage 
surrounded by granulation tissue in midportion of defect shown in Fig. 11. 

Fig. 13.—Dog 309, sacrificed nine weeks after operation. Microphotograph (about X60) of 
an island of new cartilage. 


In all the remaining animals, sacrificed at intervals of from four and one- 
half weeks to six months (Table I), these islands of new cartilage were found 
(Figs. 7 to 15). Sections made longitudinally at various planes around the 
circumference of the sear showed that many of these islands of cartilage grew 
in the form of delicate rings, which in some eases extended around through the 
entire wall of scar tissue which encireled the tube. Although the cartilage first 
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appeared three weeks after operation, its subsequent erowth was slow. Dog 144, 
sacrificed six months after operation, showed two well-developed rings of car- 
tilage. (Fig. 14) and two others which were smaller and were composed of nests 
of cartilage cells which were believed to be less mature. These cartilage rings 
began their growth in many instances well out in the granulation tissue, away 
from the preformed adult cartilage rings of the trachea and near the surface of 
the tissue opposed to the tube (Fig. 5). The fibroblasts in the granulation tis- 
sue appear to have been the anlage of the cartilage cells. Examination of the 
borders of the cartilage islands revealed a gradual change from the fibroblasts 
in the granulation tissue to a cell which was surrounded by a capsule, was larger, 
vacuolated, and contained a large eccentrically placed nucleus (Figs. 12 and 15). 


Fig. 14.—Dog 144, sacrificed six months after operation. Microphotograph (about x3") 
showing a large, well-developed island of cartilage. Regenerated epithelium can be seen cover- 
ing a part of the defect. 


Occasionally two nuelei were seen in one cell. A homogenous neutrophilic 
matrix was laid down around these cells and this matrix beeame basophilic after 
a few weeks’ time had elapsed. The stroma of granulation tissue was then grad- 
ually converted into adult fibrous connective tissue. 

The growth of epithelium from the cut ends of the trachea began early but 
had not completely covered the granulating surface in any of the animals in this 
group. In dog 144, sacrificed six months after operation, epithelial regeneration 
was almost complete, however. The cells were flat and extended outward toward 
the middle of the defect in a single layer. The epithelium then became thicker, 
composed of more than one layer of cells which had a stratified appearance as 
growth toward the midportion of the defect progressed more slowly (Fig. 14). 


Group II1I.—The two animals in this group which survived were sacrificed 


six months (No. 102) and fourteen months (No. X-14) after operation. No. 102 
began to have violent paroxysms of coughing about two weeks before death. 
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There was also rather marked wheezing with respiration which gradually became 
worse. He became malnourished and was sacrificed because of his increasing 
discomfort. Autopsy revealed the tube to be firmly held in place by sear-tissue 


_ Fig. 15.—Dog 144, sacrificed at six months after operation. Microphotograph (about 
x150) showing border of small nest of cartilage cells. Gradual differentiation of fibroblasts 
(seen in lower portion of picture) into cartilage cells, is clearly shown. 


Ct vt. £t 


Fig. 16.—Dog X-14. Specimen removed at autopsy. A segment of the lower trachea is 
shown and the markedly narrowed trachea and bronchus can be seen extending between 
the hilum of the Jung and the lower trachea. The regrown rings of cartilage are also pictured. 


which encireled it. There was mucopurulent exudate present in the trachea, the 
tube, and the bronchi of the left lung. There was patchy consolidation through- 
out the remaining lung and death was thought to be due to pneumonia. Un- 
fortunately, this specimen was lost after its removal and before photographs 





DANIEL: REGENERATION OF TRACHEAL AND BRONCHIAL DEFECTS 347 


or microscopic sections were obtained. Grossly there was almost complete re- 
generation of the epithelium. The surface of an area which varied from 0.5 to 
1.0 em. in width, in the central part of the defect, appeared to be composed of 
pink, smooth, firm granulation tissue. The scar tissue underlying the mucous 
membrane and granulation tissue was very firm and white. There were defi- 
nite rings of hard rubbery white material, spaced along the course of the entire 
wall of the regrown trachea, which had the gross appearance of rings of ear- 
tilage. These rings were not as uniform in size or configuration as were those 
of the normal trachea above the site of excision and their thickness, width, and 
resistance to pressure varied considerably at different points. 


<aaNS 


Fig. 17.—Dog X-14, sacrificed at fourteen months after right pneumonectomy. Microphotograph 
(about X12) showing part of the regrown lower segment of trachea. 


Dog X-14 also began to lose weight and to have paroxysms of violent ecough- 
ing about seven months after operation. Eight months after operation the an- 
imal was subjected to bronchoscopic examination. The glass tube was easily 
visualized, lying in the lower end of the trachea. It appeared to lie loosely in 
the trachea and a large amount of mucus was aspirated from the trachea prox- 
imal to it. The end of the tube was grasped with a biopsy foreep and it was 


easily withdrawn from the trachea as the bronchoscope was removed. Exam- 
ination of the lower trachea then revealed it to be moderately narrowed. The 
mucous membrane was intact as far down as could be seen, no ulceration being 


noted. 

Following this procedure the animal gained weight and the cough disap- 
peared. When the dog was foreed to run he coughed and when respiration 
beeame labored he wheezed. No wheezing or cough was noted when he walked 
or lay in the eage. 

The animal was sacrificed at the end of fourteen months at which time he 
was in good health. The specimen removed at autopsy is shown in Fig. 16. 
There were well-developed, evenly spaced cartilage rings present, from the nor- 
mal trachea to the division of the left main bronchus. The mucous membrane 
was intact everywhere. The diameter of the regenerated segment of the trachea 
was a little more than half that of the normal trachea above. 
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The rings of cartilage extended completely around the tube instead of 
around only a part of the circumference as do the normal tracheal rings. 

Microscopie sections of the regenerated segment of trachea showed the car- 
tilage rings to be well developed and mature in appearance (Fig. 17). The 
cartilage resembled that seen in the rings of the normal trachea above. The 
arrangement of these rings was not as regular as in the normal trachea, how- 
ever, and the space between them was more variable. The mucous membrane 
was composed of a layer of flat epithelial cells which were only one or two layers 
thick and which bore no cilia. No goblet cells could be seen. <A few scattered 
groups of mucous glands were found lying outside and between the cartilage 
rings. 

COMMENT 

The differentiation of fibroblasts into cartilage cells has been noted pre- 
viously. Maximow and Bloom,? LeGros Clark,? E. R. Stump,‘ and E. L. Clark* 
and others have maintained that this does oceur. It should be emphasized that 
in the experiments reported here the segments of trachea which were excised 
included the entire tracheal wall. Care was taken to incise the wall with a sharp 
knife between the cartilage rings, in such a way that no bits of cartilage or peri- 
chondrium would be left in the wound. The fact that cartilage grew in the 
granulation tissue at varying distances from the remaining catrilage rings at the 
ends of the defects, and that it tended to grow in the form of encircling rings 
which were separate from each other, suggests a differentiation of young con- 
nective tissue cells into cartilage cells. This is borne out by the microscopic 
study of the new cartilage and the adjacent stroma. 


SUMMARY 


Three types of operative procedures have been carried out upon forty-two 
dogs. 

1. In thirteen experiments full-thickness windows have been removed 
from the cervical trachea. The method of healing of these defects has been 
observed following closure of the wounds with free grafts of fascia (studied 
previously by Taffel), with fibrin film and with the connective tissues of the 
wound of the neck. 


2. Full-thickness segments of trachea were excised in twenty-one dogs and 
rigid tubes were placed across the defects which resulted from excision of the 
trachea. Fifteen animals survived this procedure. These animals tolerated the 
tubes well and were sacrificed at intervals ranging from two weeks to six months. 
It was found that new cartilage could be seen growing in the granulation tissue 
which surrounds these tubes. Evidence is presented that this cartilage develops 
as a result of the differentiation of fibroblasts into cartilage cells. 


Studies on two other animals, in which the right lung, the lower end of the 
trachea, and the upper end of the main bronchus were excised ‘‘en bloc’’ are 
also presented. One of these animals was sacrificed fourteen months after this 
operation was performed. It was found at autopsy that restoration of the 
trachea was complete to the extent that there was regeneration of flattened 
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epithelium over the entire wall and the growth of distinct and separate rings of 
cartilage which completely encircled the tracheal wall and which were fairly 
uniform in size and arrangement. 
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DISCUSSION 


DR. JOHN H. GIBBON, JR., Philadelphia, Pa.——This is a very interesting and beauti- 
ful presentation. I hope Dr. Harrington and Dr. Gray will say something about the work 
that is being carried out at the Mayo Clinic along these lines. While carcinomas of the 
trachea are not very frequent, when encountered they present a difficult surgical problem. If 
this work can be elaborated and confirmed, we should soon be able to use something of this 
sort in the human patient, and perform a radical excision of the trachea itself. The use of 
fascia, or other nonrigid material, does not permit the resection of an entire segment of the 
trachea. 

I had one experience in which I excised a portion of the trachea and the left main 
bronchus in a patient with a bronchial adenoma. In this patient approximately one-half of 
the cartilaginous wall had to be excised in order to remove the growth. We were very 
puzzled as to how to fill the defect. We finally employed a large, pedicled flap of parietal 
pleura.- A portion of one costal cartilage was removed and this piece of cartilage was 
wrapped up in the pleural flap. The pleural flap containing the cartilage was then sutured 
over the defect in the tracheal wall. The patient required bronchoscopic dilatation post- 
operatively, but is now alive with an adequate airway eight months after operation. 

I mention this case because, while it cannot be employed where an entire segment of the 
trachea is removed, it may be a useful method of handling those cases in which partial 
excision of the trachea and bronchus is sufficient to remove the growth. Incidentally, the 
patient did very well postoperatively, and went home several months ago. 


DR. ROLLIN A. DANIEL, JR., Nashville, Tenn.—First I want to thank Dr. Gibbon 
and Dr. Harrington for their discussions. 

The number of animals which we have used was very small, as you have seen, and the 
methods which we employed were crude. We do intend to carry-out more experiments of this 
type, and we hope that others will do the same. 











EOSINOPHILIC GRANULOMA OF RIB 


ELMER Maurer, M.D., ANp GrorGe A. DEStTEFANO, M.D. 
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URING the past seven years eosinophilic granuloma of bone has rapidly 

assumed increasing importance as a specific clinical entity. This particular 
destructive lesion mimics a variety of neoplastic processes as well as inflamma- 
tory conditions, and should be considered in any differential diagnosis in which 
single or multiple lesions of bone are encountered. Solitary eosinophilic granu- 
lomata may simulate bone eyst, giant cell tumor, Ewing’s tumor, solitary 
myeloma, osteogenic sarcoma, and osteomyelitis. Multiple lesions may present 
the same clinical signs and roentgenographie findings as multiple myeloma, 
metastatic tumor, osteitis fibrosa cystica, Letterer-Siwe disease, and Hand- 
Schiiller-Christian disease. 

In 1929 Finzi’ described what might be considered the first case of eosino- 
philic granuloma of bone reported in the literature. The lesion involved the 
frontal bone of a 15-year-old boy and was thought to be a ‘‘myeloma with prev- 
alence of eosinophilic cells.’’ Mignon,? in 1930, reported a ‘‘granulation 
tumor of the frontal bone’’ in a boy 12 years of age. Eight years later 
Schairer* described two cases of osteomyelitis with eosinophilic reaction which 
occurred in the parietal bones of children 9 and 10 years of age. General ree- 
ognition was not attracted to this peculiar lesion, however, until 1940, when 
Lichtenstein and Jaffe‘ first clearly defined the condition as a clinical entity 
and suggested the term ‘‘eosinophilic granuloma of bone.’’ They reported in 
detail the case of a 4-year-old child in whom a solitary lesion involved the left 
femur. A definite preoperative diagnosis was not made but osteomyelitis, tuber- 
culous osteitis, and Ewing’s tumor were considered as possibilities. The patient 
made an uneventful recovery following open curettement of the bone cavity and 
postoperative deep roentgen therapy. In a subsequent communication in 1944 
these same investigators,® after careful re-evaluation of the microscopic patho- 
logical features of this disease, concluded that eosinophilic granuloma of bone, 
Letterer-Siwe disease and Hand-Schiiller-Christian disease may be considered 
as different clinicoanatomie expressions of the same basic disorder. 

Approximately thirty-nine cases of eosinophilic granuloma have been re- 
ported to date. Only six of these lesions have been solitary in the rib. Because 
of the infrequent occurrence of this lesion and its close resemblance clinically 
and roentgenographically to neoplasms of the chest wall for which surgery is 
usually recommended, the following report is being made. 


CASE REPORT 


J. B., a 16-year-old white boy, was admitted to Christ Hospital Aug. 24, 1946, com- 
plaining of left anterior chest pain of one month’s duration. There was no ‘history of 
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trauma, weight loss, fever, or cough. The pain was continuous, not exaggerated by deep 
breathing or coughing, and was increasing in severity. 

Physical examination revealed no palpable tumor masses over the left chest. The 
percussion and auscultatory findings over both lungs were normal. 

Laboratory studies were as follows: Blood hemoglobin 86 per cent or 13.5 gm.; 
R.B.C. 4,320,000; W.B.C. 8,700; differential, normal with one per cent eosinophiles, Sedi- 
mentation rate was 13 mm. per hour; serum. phosphorus, 4.5 mg. per cent; serum calcium, 
10.7 mg. per cent; urinalysis negative. 





Fig. 1—Preoperative roentgenogram of the chest showing the destructive lesion in the left fifth 


le 


Roentgenogram of the chest, posteroanterior projection, was reported as showing a 
destructive, expansile process involving the posterior 9 cm. of the fifth rib on the left 
(Fig. 1). Tangential views of the involved rib revealed some pleural thickening about the 
lesion. The bone destruction and expanding character of the.tumor suggested a primary 
rib sarcoma. The pleural thickening seemed to be in favor of an infectious process such 
as osteomyelitis. The roentgenologist concluded that the bone destruction was not charac- 
teristic of any particular type of lesion and could be either infectious or neoplastic in 
origin. Combined fluoroscopic and radiographic examination of the remainder of the skeletal 
system revealed no other evidence of tumor or bone infection. 

Because of the young age of the patient, the posterior location of the rib tumor, and 
the paucity of complaints except for chest pain, osteogenic sarcoma was thought to be 
the most probable diagnosis. Focal osteomyelitis and giant cell tumor were also considered 
in the differential diagnosis. 

Operative Procedure.—On Aug. 29, 1946, bloc excision of the fifth rib, transverse proc- 
ess, intercostal muscle, and pleura was performed. At the time of operation a soft, yellowish- 
rsa tumor mass was encountered completely replacing the normal structure in the vicinity 
£ ‘tie angle of the fifth rib. A small nodule was apparent on the pleural surface of the 
riv but had not eroded through the parietal covering into the free pleural cavity. The 
lung’ was not adherent to the chest wall and showed no evidence of tumor involvement. 
Closure of the defect after excision of the fifth rib and surrounding chest wall structures 
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was accomplished by suturing together periosteal flaps which were developed from the fourth 
rib above and the sixth rib below. (Figs. 2 and 3). This resulted in a satisfactory air- 
tight closure of the chest wall following the instillation of 50,000 units of penicillin. 

Pathologic Findings.—The gross specimen consisted of a section of rib 18 cm. in length, 
with attached transverse process, intercostal muscles, and parietal pleura. Three centi- 
meters from the transverse process the rib presented a fusiform enlargement 7 cm. in 
length by 2.2 em. in diameter, tapering at both ends into normal appearing rib. There was 
a pathologic fracture through the midportion of the lesion. On sectioning, no normal bone 
marrow could be identified. 


Fig. 2.—Periosteal flaps developed from the fourth rib above and the sixth rib below the defect. 


On microscopic examination (Figs. 4 and 5), the tissue had a typical granulomatous 
appearance. No tubercle formation was evident. The most conspicuous cells were large 
phagocytie histiocytes which contained large oval nuclei an numerous nucleoli. Inter- 
spersed among these histiocytes were sheets of eosinophiles with occasional multinucleated 
giant cells. The giant cells were actively phagocytic and contained the same reddish brown 
intracellular bodies which were seen in some of the histiocytes. Plasma cells, lymphocytes, 
and polymorphonuclear leucocytes were scattered in the section. The supporting stroma was 
scanty and contained areas of hemorrhage and fibrosis. ; 

Cultures for bacteria were sterile. 

Diagnosis: Eosinophilic granuloma of rib. 

Postoperative Cowrse.—Convalescence was uneventful. <A pleural effusion of approxi- 
mately 400 ¢.c. was removed by thoracentesis on the fourth postoperative day. The wound 
healed per primam and the patient left the hospital twelve days following the operation. 
Follow-up roentgenogram of the chest, at the time of discharge, showed the left lung to be 
completely expanded with no evidence of reaccumulation of fluid (Fig. 6). Ten months 
following operation the patient was well and without evidence of distant or local recurrence 
of the disease. 


DIAGNOSIS 


Although originally described as a disease of the very young, eosinophilic 
granuloma has been found to exist also in the adult. Lesions may be solitary 
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or multiple and may involve all bones of the skeleton except those of the hands 
and feet. The lesions most commonly occur in the cranial vault, ribs, vertebrae, 
and the long bones, especially the humerus and femur, Although numerous 
bones may be simultaneously involved, only one lesion may produce symptoms 
and attract the attention of the examiner. For this reason, all patients who 
present themselves with findings suggesting the presence of an eosinophilic 
granuloma of one bone should be studied radiographically for other bone in- 
volvement. 





Fig. 3.—Periosteal flaps approximated with interrupted silk sutures. 


Eosinophilic granuloma appears to be clinically, histologically, and path- 
ologically a benign lesion of bone which most commonly effects children, adoles- 
cents, and young adults, especially males. 

The exact etiology of the disease remains unsettled. It has been suggested 
by Otani and Ehrlich® that trauma is a probable cause. Lichtenstein and Jaffe* 
believe the disease may be due to a virus infection with the portal of entry 
in the gastroenteric tract. Repeated tissue cultures by these investigators, how- 
ever, have been negative. 

The clinical picture is characterized by complaints of short duration, usually 
a few weeks or months. Local tenderness and pain with or without swelling 
are common symptoms. There may be systemic manifestations including 
pyrexia, general malaise, loss of weight, and leucocytosis with eosinophilia rang- 
ing from normal to 11 per cent. When these findings are present the correct 
diagnosis is more easily made. It is more common, however, for the lesion to 
be completely silent until discovered on the roentgenogram as a destructive 
process with or without a pathologie fracture in the involved bone. This finding 
is usually made only after the patient has complained of an obscure pain and 
weight loss. Such an onset might suggest a rapidly progressing neoplastic 
process. This was the situation in the case reported. 





354 THE JOURNAL OF THORACIC SURGERY 


The roentgenographie appearance of the inidividual lesion of bone is that 
of a small or large irregularly destructive radiolucent zone with or without 
signs of periosteal reaction, bone condensation, or pathologic fracture. In the 
calvarium, scapula, and innominate bones, the lesion may be circular, sharply 
delimited, or punched out, suggesting a solitary myeloma. In ribs, the affected 
area in addition to rib destruction, may show expansion of the cortex, and if 
perforation or fracture has occurred, there will be deposition of periosteal new 
bone and thickening of the overlying soft tissue. Such roentgenographic find- 
ings could also be found in early osteogenic sarcoma of the rib. Because of this 
lack of distinctive roentgenographie characteristics coupled with the usual his- 
tory of rapid onset, meager complaints, and clinical findings, it is easy to under- 
stand why this lesion is easily confused with neoplasm and osteomyelitis. Also, 
in eases in which several bones are involved, the roentgenographic findings may 
suggest multiple myeloma, Ewing’s tumor, or metastatic skeletal carcinoma. 


PATHOLOGY 


The gross appearance of an affected region of bone is usually that of soft, 
hemorrhagic cystic granulation tissue which may vary from brown to yellow in 
color and contains numerous areas of necrosis. The lesion is usually well local- 
ized in the medullary cavity and tends to erode, expand, and perforate the cor- 
tex. At the time of operation the process may aiready have perforated the 
cortex and extended into the surrounding soft tissues in a manner that is 
usual for a malignant bone tumor. 

The histologic picture presents a destructive granulomatous lesion character- 
ized by large sheets of phagocytic histiocytes, interspersed among which are 
numerous eosinophilic cells and multinuclear giant cells. The eosinophiles, 
although not the basic constituent of the lesion, nevertheless, are responsible 
for the unusually striking microseopie picture of the disease, and when present 
in large sheets may produce a red appearance in the cut stained sections. In 
the late stages of the disease eosinophiles tend to disappear and there is a pre- 
dominance of large mononuclear cells and fibrosis. Several eosinophilic granu- 
lomatous lesions have been observed to heal by resolution. 


TREATMENT 


Since the final diagnosis is not usually made until histologic examination 
of the tissue has been completed, one cannot know what would be the course of 
a solitary lesion which closely resembles neoplasm if it were left undisturbed. 
For this reason wide surgical excision is suggested as the treatment of choice. 
Lesions involving the ribs are particularly amenable to this method of treat- 
ment. When the lesion occurs in a long bone or the calvarium, healing usually 
follows thorough curettage. It is now known that complete, spontaneous heal- 
ing by resolution does occur in some cases within six to seven months. Also, 
in eases of multiple bone involvement, healing has occurred following roentgen 
therapy. Since surgical exploration and pathologic examinations are essential, 
however, in establishing the correct diagnosis, and since most lesions require sev- 
eral months to a year to heal under roentgen therapy, a program of procras- 





MAURER AND DESTEFANO: EOSINOPHILIC RIB GRANULOMA 355 


Fig. 5.—Microphotograph high power showing typical multinucleated giant cells with inter- 
spersed phagocytic histiocytes. 
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tination and test radiation therapy is ill advised. It would seem more desirable 
to treat all lesions of ribs by wide surgical excision. Postoperative roentgen 
therapy is not suggested. 
PROGNOSIS 

Kosinophilic granuloma of bone appears to offer an excellent prognosis 
despite its rapid development, seemingly progressive nature, and ominous roent- 
genographic appearance. The postoperative reports and observations ranging 
from seven months to six years made by Jaffe and Lichtenstein‘ on cases treated 
by excision, curettage, and radiation therapy have all been encouraging regard- 
less of the method of treatment chosen. . The prognosis should, however, be 
guarded in those cases in which multiple lesions are encountered. In such 
situations, visceral lesions should be sought for and careful consideration given 
to the possibility of Letterer-Siwe disease, which is usually seen in younger chil- 
dren and manifested by a rapid febrile course with generalized lymphadenop- 
athy, hepatomegaly, splenomegaly, purpura, and anemia. 


CONCLUSIONS 


J. Eosinophilic granuloma of bone is rapidly becoming more important as 
a specific clinical entity which must be considered in any differential diagnosis in 
which single or multiple lesions of bone are encountered. 

2. This lesion, when in the rib, should be of particular interest to the tho- 
racic surgeon because of its close resemblance clinically and roentgenographically 
to neoplasm of the chest wall for which surgery is usually recommended. 


3. A ease of solitary eosinophilic granuloma of rib with a clinical history 
and roentgenographie findings consistent with osteogenic sarcoma, is reported. 


REFERENCES 


. Finzi, O.: Mieloma con prevalenza delle cellule eosinofile, ciroscritto allosso frontale in 
un giovane di 15 anni. Minerva med. 91: 239, 1929. 

. Mignon, Fr.: Ein Granulationstumor des Stirnbeins, Fortschr. a. d. Geb. d. Roentgen- 
strahlen 42: 749, 1930. 

. Schairer, E.: Ueber eine eigenartige Erkrankung des kindlichen Schadels (Osteomyelitis 
mit eosinophiler Reaktion), Zentralbl. f. allg. Path. u. path. Anat. 71: 113, 1938. 

. Lichtenstein, L., and Jaffe, H. L.: Eosinophilic Granuloma of Bone, Am. J. Path. 16: 
595, 1940. 

5. Lichtenstein, L., and Jaffe, H. L.: Eosinophilic Granuloma of Bone, Arch. Path. 37: 99, 

Otani, S., and Ehrlich, J. C.: Solitary Granuloma of Bone Simulating Primary Neoplasm, 

Am. J. Path. 16: 479, 1940. 





BRONCHOSPIROGRAPHY: APPARATUS AND TECHNIQUE 


CHARLES M. Norris, M.D., Joan Lone, M.D., AND Morton J. OPPENHEIMER, M.D. 
PHILADELPHIA, Pa. 


WITH THE TECHNICAL ASSISTANCE OF 
Mary R. Wester, M.S. 
? 


HE value of determinations of the functional capacity of the two lungs 

separately has been conclusively demonstrated by the work of a number of 
authors, notably Jacobaeus,! Cournand and associates,? Pinner, Leiner, and 
Zavod,* and Adams.‘ Certain technical difficulties encountered by the early 
workers in this field (Jacobaeus,t Freneckner and Bjorkman,® Bezancon® and 
others), whose determinations were made with double- or single-lumen rigid 
bronchoscopes, were largely eliminated by the introduction of the specially con- 
structed flexible catheters of Gebauer’ and Zavod.* These catheters, particularly 
when used in conjunction with the ‘‘twin spirometer’’ developed by Gebauer,°® 
have provided a practical and safe method of estimating the relative function 
of the separate lungs. 

While the chief and most important application of this work has been in 
the selection of cases for various types of irreversible collapse therapy where 
clinical and roentgen examinations often fail to allow accurate estimation of 
the functional capacity of the two lungs, bronchospirometrie data have likewise 
been helpful in the preoperative evaluation of patients in whom resection is con- 
templated. 

Our experience with the double-lumen catheters has, on the whole, been 
satisfactory, but there have been many instances in which technical difficulties 
inherent in the apparatus have prevented the recording of satisfactory data. 
These difficulties were encountered chiefly in patients with poor function, be- 
cause of the increased respiratory effort required in ‘‘stenosis breathing’’ 
through the narrow channels of the double-lumen catheter, which seemed inade- 
quate despite the fact that the breathing mixture was rich in oxygen. A num- 
ber of the patients have seemed actually dyspneic during the test. In some 
eases, free exchange seemed to be impaired by secretions of large amount or 
viscid character. 

It oceurred to one of us (C.M.N.) that a method using a single-lumen 
endobronechial catheter might be feasible for simultaneous measurement of 
separate lung function. The apparatus which we have now adopted appears 
to offer advantages of simplicity in use, comfort for the patient, and added 
accuracy. The narrow breathing channels of the double-lumen catheter, which 
make use of only a small percentage of the cross-section area of the adult 
subglottic airway, have been eliminated: The single-lumen catheter, 22 F. to 
26 F., with a distal inflatable cuff, provides the airway to the left lung. After 
insertion and positioning under fluoroscopic guidance, its outer end is brought 
through one arm of a Heidebrink Y-connector on a Connell mask of appro-. 
priate size. Uninterrupted air exchange to the right lung is thus maintained 
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around the catheter to the left lung via the other arm of the Y-connector. There 
appears to be no tendency for interference with air exchange at the glottic 
level, provided the larynx has been well anesthetized. Despite the obvious 
inerease in ‘‘dead space’’ for the right lung, there is no indication that this 
affects the accuracy of the results. 


h-ctnon ents vtisvn sna ennnennvennentannnsnensnisnnedenevsenninnsusineseisnsnusevntzanendtstenstomennucnsnssasnnnsdanannsagpensnenenseesbianengoess 


Fig. 1.—Flexible single-lumen catheter for bronchospirography. A, Distal end, showing 
metal spiral construction and beveled tip with lateral breathing holes. B, Same, after 
— of latex rubber sheath and inflatable cuff. C, Entire catheter (22-26 F., 55 cm. 
ong). 


The catheter* (Fig. 1), 55 em. in length, is of the flexible metal spiral type, with a 
short beveled tip providing additional lateral breathing holes. The external diameter of 
the catheter used for the average adult is 8.7 mm. (26 F.); the internal diameter is slightly 
less than 7 mm. Air leakage is prevented by sheathing the catheter in latex Penrose tubing, 
secured by silk ties at the upper and lower ends. The inflatable portion of the cuff is 
2 em. in length. Catheters of slightly smaller caliber (22 F. or 24 F.) are required for 
small adults or for patients in whom the larynx seems disproportionately small. 

Sterilizing is accomplished by boiling or autoclaving, first removing the rubber sheath 
and cuff. A new sheath of sterile Penrose tubing can be applied easily each time the 
catheter is used. 

Bronchospirography is most conveniently performed in the fluoroscopic room, pro- 
vided there is adequate floor space. Premedication for the average adult consists of sodium 
pentobarbital 0.1 Gm. with atropine sulfate 0.00065 Gm., both given by mouth about one 
hour before the patient is brought to the fluoroscopic room, nothing having been given by 
mouth for at least six hours. As the subject sits on the edge of the fluoroscopic table, 
the pharynx is sprayed lightly several times with 2 per cent solution of Pontocaine Hydro- 
chloride. The larynx, trachea, and larger bronchi are then anesthetized by fractional in- 
stillation of 2.0 ¢.c. of the same solution under mirror guidance, using a Lukens syringe and 
favoring gravitation into the left bronchus by having the patient incline his body to the 
left and slightly forward after each instillation. 


*The catheter described was made to specifications by the George P. Pilling and Son 
Company, Philadelphia, 
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The catheter is introduced on an appropriately curved stilette under guidance 
of the laryngeal mirror. Then, with the patient supine, accurate positioning is accom- 
plished under fluoroscopic guidance; entrance into the left bronchus is favored by keep- 
ing the tip of the bevel to the left, and by turning the head so that the chin is over the 
right shoulder. The extreme tip of the catheter should be approximately 4 cm. below the 
estimated level of the carina, 


Fig. 2.—Single-lumen catheter method for bronchospirography. After positioning under 
fluoroscopic guidance and inflation of the distal cuff, the proximal end is brought through 
the rubber diaphragm partially covering one end of the Y-connector. Echange of air- 
oxygen mixture to the right lung is maintained around the catheter via the other arm of 
the Y-connector. 


After inflation of the cuff, the lubricated outer end of the catheter is brought through 
the mask and through the rubber diaphragm occluding one arm of the Y-connector, as 
shown in Fig. 2 (the rubber diaphragm is a short piece of 3/8 inch Penrose tubing 
stretched over the end of the arm). The other arm of the connector, through which ex- 
change to the right lung is maintained, is occluded by a rubber stopper through which 
projects a 5 cm. length of 12 mm. brass tubing. Short lengths of heavy rubber tubing 
(12 mm. internal diameter, 10 cm. long) are used to make connection with the twin spirom- 
eter. 

Quiet breathing is recorded for a period of at least four minutes; then one or two 
determinations of vital capacity are obtained. Finally, maximum breathing capacity! is 
recorded. 


RESULTS 


Table I shows the data obtained on bronchospirometry using the single- 
lumen catheter in three subjects with apparently normal respiratory and cardio- 
vascular systems. The percentage of the oxygen consumed by the right and 
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left lungs respectively was found to be 54 per cent and 46 per cent of the 
total in two of these and 57 per cent and 43 per cent in the remaining ease. 
These values correspond well to the average of 53 per cent consumption for the 
right lung and 47 per cent for the left lung as given by Jacobaeus! for normal 
subjects. 

Table II shows bronchospirometrie data comparing the results obtained 
in five patients with pulmonary disease, in whom determinations were made 
on separate occasions, first by the double-lumen catheter and then by the single- 
lumen catheter. 


TABLE I, BRONCHOSPIROMETRY IN THREE NORMAL SUBJECTS, USING THE 
SINGLE-LUMEN CATHETER 





‘PER CENT 0, USE RATIO OF TIDAL VOLUMES 
RIGHT LEFT RIGHT LEFT 
LUNG LUNG LUNG LUNG 

54 46 52 : 48 
57 43 60 : 40 
54 46 ‘ 39 




















Total oxygen consumption was about the same by the two methods. The 
division in oxygen consumption between the right and left lungs was identical 
in two eases and did not differ by more than five per cent in any ease, when 
the two methods are compared. These data suggest that in so far as oxygen 
consumption is concerned, the results obtained by either method are reliable. 


There was no striking difference in the tidal volumes obtained by the two 
methods. In two patients the rate was greater with the double-lumen catheter 
and in two it was greater with the single-lumen catheter. In two patients there 
was a difference of more than 2 in the ventilation equivalents,’ the lower read- 
ings being obtained with the single-lumen catheter. The vital capacities of the 
individual lungs were slightly greater with the single-lumen catheter. 

The most striking difference between the two methods was seen in the 
measurement:-of maximum breathing capacity. The capacities obtained using 
the single-lumen catheter were often mote than twice those obtained when the 
double-lumen catheter was used. Furthermore, the sum of the maximum breath- 
ing capacities of the right and left lungs, using the single-lumen catheter 
method, approached the maximum breathing capacity recorded on external 
spirometry (Table IV). 

The small channels of the double-lumen catheter may at times be partially 
occluded with bronchial secretions; the disturbance of the ratio of volumes of 
air moved by the right and left lungs may be considerable. An extreme in- 
stance of this was observed in patient 5 with advanced bronchiectasis of the 
left lung. During the test, the right channel of the double-lumen catheter 
became partially blocked as evidenced by great diminution in tidal volume; 
there was no indication of interference with free exchange when the single- 
lumen catheter was used. Although the percentage distribution of oxygen use 
between the two lungs did not differ appreciably with the two methods, there 
was a marked difference between the ratios of tidal air moved by the two 
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lungs. When the single-lumen catheter was used, the ratio of the volumes of 
air moved (right:left) was 80:20; the ratio obtained when the double-lumen 
catheter was used was 26:74, an obviously incorrect finding. 

Some of the other results (Table III) suggest that volume distribution 
ratios obtained by the single-lumen catheter are more accurate than those ob- 
tained by the double-lumen catheter. Patient 1, for instance, had minimal 
bronchiectasis of the superior segment of the left lower lobe. When the double- 
lumen catheter was used, the ratio of the tidal volume of the right lung to 
that of the left was 57:48, and the ratio of the volumes of air moved during 
the maximum breathing test by the right and left lungs was 48:52. On the 
other hand, the values obtained when the single-lumen catheter was used were 
comparable for tidal volumes and maximum breathing capacity, namely, 57 :43 


TABLE III. BRONCHOSPIROGRAPHIC DATA: COMPARISON OF RATIOS (RIGHT : LEFT) OF 
(A) OxYGEN CONSUMPTION AND (B) VENTILATION, AS OBTAINED IN FIVE CASES WHERE BOTH 
THE DOUBLE-LUMEN AND SINGLE-LUMEN CATHETERS WERE USED 








RATIO 
RATIO RATIO MAXIMUM 
OXYGEN TIDAL BREATHING 
PATIENT CATHETER CONSUMPTION VOLUMES CAPACITY LESION 
R H L R H L R : I. 





minimal 
double 58 =: 42 f > 6-43 : 52 bronchiectasis 
single io, st OT : > «43 ee st LLL 


single 54: 46 : 389 é > «444 abscess 
double 54 : 46 : : 46 Be o! ko RLL 
bilateral 
double a ; “ao : 24 bronchiectasis 
single 56: «44 j : 40 3 : 385 advanced, LLL 


double 60 <2 #0 ; 6 : 44 bronchiectasis 
single COs 7 2. 30 LLL 
advanced 
double BS se s 94 bronchiectasis 
single 84 : >. “720 LLL 





TABLE ITV. MAXIMUM BREATHING CAPACITIES OBTAINED BY EXTERNAL SPIROMETRY COMPARED 
TO COMBINED MAXIMUM BREATHING CAPACITIES IN FOUR CASES WHERE BOTH THE 
DOUBLE-LUMEN AND SINGLE-LUMEN CATHETERS WERE USED 








| MAXIMUM | 


BREATHING SUM OF MAXIMUM | MAXIMUM BREATHING 
| CAPACITY (L.) | BREATHING CAPACITIES | CAPACITY OBTAINED BY 
PATIENT | CATHETER | R | L  |RIGHT AND LEFT LUNG| EXTERNAL SPIROMETRY 


V.S. 
i double 9.6 10.4 R 37.5 
single 22.0 14.6 








E. J. 
2 double 9. 8 3 44.0 
single é é 


double 
single 


double 
single 
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and 60:40. In another patient (4) with advanced bronchiectasis of the left 

lower lobe, the double-lumen catheter showed the volume of air moved by the 

right and left sides to be distributed in the ratio of 64:36 during quiet breath- 

ing and in a ratio of 56:44 on effort. When the single-lumen catheter was 

used, the corresponding volume distribution ratios were 69:31 and 70:30. 
DISCUSSION 

The limitations of the double-lumen catheter arise chiefly because of re- 
sistance offered to flow of the air-oxygen mixture. Resistance to flow of gaseous 
substances increases as the length of the conducting tube is increased, and 
varies inversely with the cross-section area. Volume flow through tubes of 
the same length, at the same pressure, varies directly with the fourth power 
of their respective internal diameters; an increase of only 19 per cent in the 
internal diameter will theoretically allow the volume flow to double. 

Actual measurements show that, using a respiration schema with alternat- 
ing pressures of 0 and —14 em. of water, at a rate of 20 per minute, tidal 
volume through the 26 F. single-lumen catheter exceeds that through one chan- 
nel of the adult double-lumen catheter in the ratio of 1.0 to 0.48 (175 ee. as 
compared with 75 ¢.¢.). 

As a matter of fact, the tidal volumes recorded in determinations made 
with the double-lumen catheter are often comparable to those obtained when 
the single-lumen catheter is used. This, however, is accomplished only by 
obviously increased respiratory effort which establishes a vicious cirele in the 
patient whose reserve is limited by calling for still greater ventilation. In our 
experience it has been nearly impossible to obtain satisfactory determinations 
of vital capacity and maximum breathing capacity by use of the double-lumen 
catheter, whereas these can be rather easily determined when the single-lumen 
catheter is employed. 

The increased respiratory effort induced by stenosis breathing through the 
double-lumen catheter would perhaps not be objectionable in itself, for it might 
be regarded as a form of unstandardized ‘‘exercise test.’’ However, it would 
appear that determinations of relative function (particularly ventilatory fune- 
tion) will be more accurate if the apparatus used is such as to allow quiet breath- 
ing. Having obtained an estimate of the combined function by external spirom- 
etry, it is perhaps valid in many eases to calculate the functional capacity 
of the separate lungs on a basis of the percentages obtained by use of the 
double-lumen catheter, even though this entails stenosis breathing. But, ideally, 
the resistance to flow of the air-oxygen mixture should be equal on the two 
sides; this would recuire that the ratio between the cross-section areas of the 
airways (of the same length) to the two lungs be approximately the same as 
the ratio between their actual ventilatory capacities, a fator which cannot be 
predetermined. 

Actually, the single-lumen catheter does not provide for cross-section areas 
proportional to the relative ventilatory capacities of the two lungs. Greater 
accuracy is realized, however, by increasing both airways to the point where 
resistance to air exchange is but little more than that observed in normal quiet 
respiration. 
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One might predict that the values obtained, if the apparatus used were 
of the double-lumen type, providing channels of the same size to each lung, 
would be fairly accurate despite stenosis breathing in eases where the actual 
ventilation of the two lungs is approximately equal. It might be speculated, 
however, that the greater the disproportion between the ventilation of the two 
lungs, the greater will be the error induced by stenosis breathing through 
channels which, although of the same size, do not allow free inspiration and 
expiration. Relative ventilation determined in this way would presumably be 
more in error than the relative figures for oxygen absorption (Table III). 

Assuming that the actual ventilation (without apparatus in place) of a 
patient’s left lung is only half that of the right, the effeet of stenosis breathing 
through small channels of identical size would make the ventilation of the 
left or poorer lung appear a relatively greater percentage of the total, since the 
narrow breathing channels will restrict exchange on the good side to a greater 
degree than that on the poor side. Errors in determination of ventilation will 
obviously be reflected in calculations of the ventilation equivalent. Work is in 
progress to test the above premise experimentally, and:will be reported later. 


CONTRAINDICATIONS 


Active tuberculous lesions of the larynx, trachea, or left bronchus usually 
contraindicate an attempt at bronchospirography. In most patients, the con- 
dition of the larynx and tracheobronchial tree will have been already - deter- 
mined by mirror laryngoscopy and diagnostic bronchoscopy. Dyspnea of mod- 


erate degree is considered a relative contraindication. Nontuberculous lesions 
of the left main bronchus (stenosis, neoplasm, marked deformity) may inter- 
fere mechanically with proper positioning of the tip of the bronchospirographic 
catheter. 

The presence of large amounts of bronchial secretion, hitherto a difficult 
problem in certain cases, is not in itself a contraindication, and preliminary 
bronchoscopic aspiration is not required, since secretions may be aspirated 
directly through the single-lumen catheter .immediately before recording; for 
this purpose, a rubber aspirating tube, No. 14 F., is used. 


CONCLUSIONS 


1. A single-lumen endobronchial catheter for bronehospirography has been 
deseribed; when used in conjunction with the ‘‘twin spirometer’’ of Cebauer, 
this catheter appears to provide a simple and practical method for simultaneous 
determination of the function of the separate lungs. 

2. The method described appears to offer the following advantages: (a) 
Introduction and manipulation of the catheter are relatively easy; its complete 
radioopacity facilitates fluoroscopic guidance. (b) Need for increased respira- 
tory effort during the test is avoided by provision of an adequate airway to 
each lung. (¢) It is suggested that elimination of stenosis breathing (lessened 
resistanee to flow of the air-oxygen mixture) will increase accuracy of deter- 
minations of relative ventilation of the two lungs, particularly when a marked 
disproportion exists. (d) Determinations of vital capacity and maximum 
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breathing capacity for the separate lungs, difficult or impossible with the double- 
lumen catheter, are rather easily carried out when the single-lumen catheter 
is employed. (e) In eases where copious or tenacious secretions are troublesome, 


aspiration through the single-lumen catheter is an important advantage. 

3. Bronchospirographie data obtained by the single-lumen catheter method 
are presented and compared with those recorded when the double-lumen catheter 
is employed. 
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CONTRALATERAL FRACTURE OF FIRST AND SECOND RIBS 
FOLLOWING THORACOPLASTY 


ALBERT GUGGENHEIM, M.D., AND BerNarp N. E. Coun, M.D. 
DENVER, CoLo. 


gS eomelace fractures of the first rib oceur very infrequently from any cause. 

Liberson,' in a review of 2,014 cases of rib fractures, found but three instances 
in which the first rib alone was involved. Since thoracoplasty was introduced 
for the treatment of pulmonary tuberculosis, innumerable articles have appeared 
in the literature dealing not only with the effect of the operation on the diseased 
lung, but also with the various complications resulting from this procedure. A 
survey of the literature failed to disclose any mention of rib fracture on the 
contralateral side following thoracoplasty. It is the purpose of this paper to 
present fractures of the first and second rib on the contralateral side subsequent 
to this operation. : 

An analysis of 208 consecutive.cases of thoracoplasty performed at the 
National Jewish Hospital revealed fractures of the first rib in six instances and 
of the first and second ribs in two, making an incidence of 3.8 per cent. Of the 
total number of thoracoplasties performed, 126, or 60.6 per cent, were done on 
male patients, and 32, or 39.4 per cent, were on female patients. Four fractures 
were found in the male and four in the female patients. All the fractures oc- 
curred in persons between the ages of 26 and 40, which group comprised 154 of 
the total number of patients. 


CASE REPORTS 


Case 1,.—L. K., a man aged 32 years, had an onset of pulmonary tuberculosis with 
hemoptysis in 1930. Left artificial pneumothorax was instituted in 1931 and continued 
until 1934, In addition, left phrenicectomy was performed in January, 1934. Right diag- 
nostic pneumothorax was done in 1936, and continued for five months. A left thoracoplasty 
was performed in three stages (eight ribs) between August and November, 1936. After 
the second stage the roentgenogram of Oct. 1, 1936, showed a complete fracture in the 
middle third of the first rib on the right (Fig. 1, 4). Two years later a thickening was 
present in the fracture area (Fig. 1, B). There was no pain. 


CASE 2.—G. V., was a 33-year-old man. Pulmonary tuberculosis was diagnosed in 1938. 
Several attempts to induce pneumothorax on the left were unsuccessful. A left phrenic crush- 
ing was performed in 1939, A left thoracoplasty was done in two stages (six ribs) in 1944. 
After the first stage (March 17, 1944) a complete fracture of the anterior third of the right 
first rib was seen on x-ray examination (March 25, 1944) (Fig. 2). There were no symptoms 
present, 


Case 3.—R. H., a 37-year-old woman, -had a history of pulmonary tuberculosis since 
1932. Attempts to induce pneumothorax on the left failed. In 1937 a left phrenicectomy was 
performed, and pneumoperitoneum instituted. Thoracoplasty on the left was done in five 
stages (nine ribs) in 1938. After the first stage on Aug. 5, 1938, an incomplete fracture 
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could be seen at the junction of the middle and anterior thirds of the right first rib (Aug. 
26, 1938) (Fig. 3, 4). The roentgenogram of Oct. 20, 1938, showed callus formation in this 
area (Fig. 3, B). The patient had no specific complaints referable to the fracture. 


CasE 4.—E, M., a 27-year-old woman, had onset of tuberculosis in March, 1931. Right 
artificial pneumothorax was discontinued after seven refills as ineffective. Right phrenic 
crushing was done in September, 1938. A right thoracoplasty was performed in 1940 in 
three stages (eight ribs). After the first stage on Feb. 27, 1940, the roentgenogram re- 
vealed a transverse fracture at the middle third of the left first rib with slight displacement 
(March 18, 1940) (Fig. 4). The patient did not complain of pain at the site of fracture. 


B. 


Fig. 1—Case 1. A, Roentgenogram showing complete fracture of right first rib. B, Roent- 
genogram taken two years later showing irregularity of right first rib at site of fracture. 


Case 5.—H. L., a man aged 36 years, had onset of pulmonary tuberculosis in 1929. Left 
phrenic crush was done in 1934. Left pneumothorax which was initiated in 1938 was com- 
plicated by empyema. Left thoracoplasty in two stages (seven ribs) was performed in 
1946. After the first stage on May 17, 1946, roentgenographic examination revealed a 
fracture of the middle third of the right first rib (May 25, 1946) (Fig. 5). There were no 
symptoms due to the fracture. 


Case 6.—B. W.,°a woman, 28 years old, had onset of pulmonary tuberculosis in 1921. 
Right phrenicotomy was done in 1929. The first stage of a right thoracoplasty was performed 
on Dec. 18, 1933 (three ribs). The roentgenogram of Jan. 2, 1934, showed a transverse 
fracture in the middle third of the left first rib (Fig. 6, 4). There was displacement of the 
fragments. Another roentgenogram taken on Feb. 9, 1934, prior to the second stage, revealed, 
in addition to the fracture of the first rib, a fracture in the middle third of the left second 
tib (Fig. 6, B). A subsequent roentgenogram showed two areas of callus on the second rib, 
indicating two fractures (Fig. 6, C). The patient did not complain of pain in the region of 
the fractures. 


CASE 7.—J. U., a man aged 37 years, had onset of tuberculosis in 1927. Right phrenicec- 
tomy was done in 1932. Right thoracoplasty was performed elsewhere in 1936 with removal 
of second to fifth ribs. Three revisions were performed during 1938 and 1939. The first 
revision was done Noy. 26, 1938. A roentgenogram taken Jan. 17, 1939, revealed a frac- 
ture of the middle third of the left first rib. Slight displacement of the fragments was 
noted (Fig. 7). The fracture was not present on the immediate postoperative roentgeno- 
gram. 





368 THE JOURNAL OF THORACIC SURGERY 


CasE 8.—E. M., a woman, 39 years old, had onset of tuberculosis in 1932. Left artificial 
pneumothorax was maintained from 1933 to 1939. Tuberculosis of the left main bronchus 
developed, and the lung did not re-expand. A left thoracoplasty was performed in three 
stages (nine ribs). The first stage was done on March 28, 1941. The first postoperative 
roentgenogram made on April 1, 1941, was negative for fracture, X-ray examination made 
on April 14, 1941, revealed a fracture of the right first rib in the middle third (Fig. 8, 4). 


pe B. 
Fig. 3.—Case 3.—A, Roentgenogram showing incomplete fracture of right first rib. B, Roent- 
genogram taken two months later shows callus formation. 


After the second stage (May 2, 1941) an additional fracture in the middle third of the second 
rib was found on the roentgenogram taken on May 27, 1941 (Fig. 8, B). This patient com- 
plained of slight pain in her right upper chest after the first stage. 


DISCUSSION 


Complications following thoracoplasty for pulmonary tuberculosis have been 
discussed in numerous publications dealing with this subject. None of them, 
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however, mentioned fracture of ribs on the contralateral side. Because of the 
overlapping shadows in the apical region of the conventional chest roentgeno- 
gram, these fractures may be overlooked easily. On the other hand, one must be 
particularly careful in interpreting a supposed fracture of the first or second 
rib. Although we considered several suspicious cases, we did not include any 
instance which did not show a definite fracture or callus formation. 


Fig. 4.—Case 4. Roentgenogram showing fracture of left first rib with slight displacement 


of fragments, 


Fig. 5.—Case 5. Roentgenogram showing fracture of right first rib. 


The thoracoplasties analyzed in this study were performed by five surgeons. 
The surgical technique varied with the individual. Postoperative treatment 
likewise differed. Fractures were found regardless of the surgeon or type of 
postoperative treatment. : 

For purposes of classifying the location of the fractures, the first and second 
ribs were arbitrarily divided into posterior, middle, and anterior thirds. In 
those cases where fracture of the first rib was found, all but one instance oe- 
curred in the middle third. The exception was Case 2, where the fracture was 
situated in the anterior third. The second rib was fractured in the middle 
third in both instances. 
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The fractures were of two types, incomplete and complete. Seven of the 
eight cases in our series showed a complete fracture. Case 3 was an example of 
the incomplete variety. There was no displacement of the fragments in four 
eases. In the remainder, separation of the fragments was found; in two in- 
stances the proximal fragment was displaced upward and laterally (Cases 4 and 
6), and in one the distal fragment was displaced laterally (Case 7). The frac- 
ture line was uniformly transverse. No comminution of the fragments was noted. 


B. Cc. 

Fig. 6.—Case 6. A, Roentgenogram showing fracture of left first rib with considerable 
separation of the fragments. Second rib negative. B, Roentgenogram taken five weeks later 
shows fracture of left second rib. C, Roentgenogram taken at still later date shows two areas 
of callus on left second rib. 


The first and second ribs are similar in appearance, but they differ in cer- 
tain anatomical points from the other ribs. The second rib has a slight angle 
which is not present in the first rib. The first rib, which is the most curved and 
the shortest of all ribs, is broad and flat. The upper surface of its body is 
marked by two shallow grooves; the anterior groove transmits the subclavian 
vein, the posterior groove the subclavian artery and the lowest trunk of the 
brachial plexus. The scalenus medius, scalenus anterior, and the first digitation 
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of the serratus anterior are attached to the first rib. The second rib is not flat- 
tened horizontally as is the first rib. The first and second digitations of the ser- 
ratus anterior as well as the scalenus posterior are inserted on this rib (Fig. 14). 

The vast majority of fractures are due to a single accidental trauma. Lane? 
believed that isolated fractures of the first rib could result from (a) indirect 
violence, the force being transmitted through the clavicle, (b) directly by means 


Fig. 7.—Case 7. Roentgenogram showing fracture of left first rib with slight displacement of 
fragments. 


A. 
Fig. 8.—Case 8. A, Roentgenogram showing fracture of right first rib, following first 
stage thoracoplasty. B, Roentgenogram after second stage thoracoplasty showing fracture of 
right second rib. 
of force applied from behind, and (c) by indirect violence, the force being 
transmitted from the manubrium. There are, however, a limited number of 
reports in which the fracture was not caused’ by a single direct injury. These 
cases have been explained on the basis of muscular pull.*?° March fractures of 
the first rib have been reported.1! Spontaneous rib fractures other than first or 
second ribs due to cough have been recorded in tuberculous individuals.* 1“ 
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These fractures are thought to result from muscular stress. Bond,'* however, 
considered decalcification of the ribs and general debility as the etiologic factors 
rather than muscular contraction. 

In the eight cases analyzed in our series we could not demonstrate a single 
trauma as the etiologic factor. We considered the position of the patients on the 
operating table as a possibility. In six cases a fracture was found on the first 
roentgenogram which was taken on the fourth to the fourteenth postoperative 
day. In one patient (Case 1) the fracture was seen after the second stage. In 
Cases 7 and 8 the first postoperative roentgenograms were negative, the fracture 
being first noted in subsequent films preceding the second-stage thoracoplasty. 
We, therefore, do not believe that the position of the patient on the operating 
table or the surgical technique employed could be the causes of the fractures. 


Fig. 9.—Photograph of first and second ribs. (Reproduced from Gray’s Anatomy, ed. 24, 1942, 
Figs. 118 and 119. Courtesy of Lea and Febiger.) 


Isolated fractures occurred in individuals regardless of the type of post- 
operative management such as shot or sandbags on the operated side, tight strap- 
ping of the side of surgery with the adhesive tape being carried across the con- 
tralateral shoulder, or special braces to aid collapse and to prevent paradoxical 
motion. 


We assume that removal of ribs during the first stage of a thoracoplasty 
alters the normal mechanies of those muscles attached to the first and second 
ribs on the contralateral side. The insertions of the sealenus anterior, scalenus 
medius, and serratus anterior are released when the first two ribs are removed. 
Consequently, the pull of the corresponding muscles on the contralateral side 
is unopposed, Since the fractures do not occur during or immediately after 
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operation, it is presumed that they result from prolonged muscular traction. It 
is noteworthy that all the fractures with one exception (Case 2) occurred in the 
area of greatest muscular stress and where the bone structure was thinnest due 
to the subelavian grooves. This is the region which we arbitrarily classified as 
the middle third. 

Clinically, no symptoms were observed in these patients with one exception 
(Case 8). There were no complications, such as pressure on the brachial plexus, 
injury to the contiguous blood vessels, or perforation of the pleura, which fre- 
quently occur in fractures resulting from a single trauma. Because these frae- 
tures were asymptomatic, no therapy was necessary. 


SUMMARY 


1. An analysis of 208 cases of thoracoplasty revealed fractures of the first 
or the second rib, or both, on the contralateral side in eight patients. 

2. In seven cases the fracture occurred after the first stage thoracoplasty. 
The fracture was first observed in one ease after the second stage. 

3. A theory of etiology is presented. 


REFERENCES 


. Liberson, F.: Am. J. Roentgenol. 57: 349, 1947. 
Lane, W. A.: Brit. M. J. 2: 119, 1887. 
Arnold, A.: Muench. Med. Wehnschr. 75: 1918, 1928. 
Stimson, L. A.: Treatise on Fractures, Philadelphia, H. C. Lea’s Sons Co., 1883. 
. Breidenbach, L.: Am. J. Surg. 36: 308, 1937. 
Huber, P.: Zentralbl. f. Chir. 62: 1773, 1935. 
. Garber, R. L.: Radiology 42: 395, 1944. 
Pohl, R.: Med. Klin, 25: 636, 1929. 
. Breslin, F. J.: Am. J. Surg. 38: 384, 1937. 
. Proctor, S. E.: Campbell, T. A., and Abramson, A. S., Bull. U. 
89: 101, 1945. 
. Oechsli, W. R.: J. THoRAcIc Sura. 5: 530, 1936. 
2. Webb, G. B., and Gilbert, G. B.: J. A. M. A. 81: 25, 1923. 
. Palfrey, F. W.: Boston M. & S. J. 191: 498, 1924. 
. Bond, T. B.: Texas State J. Med. 40: 642, 1945. 


1 
9 
3. 
4. 
5 
6. 
7 
8. 
9 


S. Army Med. Dept. 





PNEUMONOLYSIS FOR THE CURE OF TENSION PNEUMOTHORAX 


J. W. Curier, M.D.* 
PHILADELPHIA, Pa. 


[* A previous -communication’ pneumonolysis was described as a lifesaving 
measure in certain types of tension pneumothorax complicating pneumo- 
thorax therapy. Others have reported similar experiences.” 

In this presentation two additional cases of tension pneumothorax cured 
by pneumonolysis after other measures have been tried and failed are reported. 
In both instances, the patients were known to have pulmonary tuberculosis but 
the conditions under which the tension pneumothorax developed were entirely 
different in each ease. In the first patient, tension pneumothorax occurred as 
a direct complication of pneumothorax therapy, the result of a tear in the 
visceral pleura at the. base of an adhesion which remained attached to lung and 
chest wall. In the other patient the tension pneumothorax developed in the 
contralateral or good lung which was not under treatment. 


TENSION PNEUMOTHORAX IN THE PRESENCE OF PNEUMOTHORAX THERAPY 


Although this complication may follow the initial treatment, it more often 
occurs weeks or months after the therapeutic pneumothorax has been well 
established and successfully maintained. Fortunately the complication is not 
common, occurring in less than one per cent of treated cases. 

The relatively rapid introduction of air into the pleural cavity at the time 
of treatment places pleural adhesions, when present, under sudden tension, with 
maximal strain at the weakest point—usually the site of attachment of the 
adhesion to the lung. This sudden strain may force an adhesion to tear itself 
partially loose from the lung, carrying with it visceral pleura and causing at 
the same time a small tear in the lung. 

With the adhesion remaining attached to the surrounding lung, the per- 
foration is kept from self-closure, and a valve mechanism of the flap variety is 
set up. Air enters the pleural cavity through the tear, but cannot escape. The 
resulting increased intrapleural pressure in turn puts greater tension on the 
adhesion with enlargement of the tear in the lung, and a vicious cycle is set 
up. If this is not corrected, the increasing intrapleural pressure may result 
in the death of the patient through exhaustion, infection, and suffocation. 

The problem obviously is a mechanical one. The pulmonary tear must be 
sealed if the patient is to be saved. On the other hand, the pneumothorax should 
be maintained in order to influence the tuberculous process favorably. Under 
such circumstances, the intrapleural severance of the offending adhesion is the 
only logical solution and is lifesaving. 

Following the severance of the offending adhesions, the lung retracts, be- 
comes well collapsed, and the tear seals itself automatically. The spontaneous 
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pneumothorax is thus permanently abolished and the patient is cured of the 
complication. 

It is important to keep the above sequence in mind, as the problem that 
presents itself is one of the true emergencies in medical or surgical practice. 
The relief to the patient following the successful severance of the offending 
adhesion is one of the most dramatic and satisfying of experiences. An individ- 
ual, apprehensive and struggling for breath, within a matter of minutes begins 
to breathe easily and normally, grateful that his life has been somehow mirac- 
ulously saved. 

Pneumonolysis must be employed relatively soon after the development of 
the valvular pneumothorax because the longer the fistula exists, the greater is 
the danger of pleural infection and exhaustion of the patient. If offending ad- 
hesions are demonstrable in the x-ray, and if it is desirable to maintain the 
therapeutic pneumothorax, thoracoscopy is indicated. If no operable adhesions 
are found, the pneumothorax should be abandoned as the complication, even if 
temporarily corrected, may recur at subsequent refills and may lead to death. 


CASE REPORT 


Mrs. A. C., aged 21 years, when first diagnosed had exudative tuberculosis with cavity 
formation involving the right upper lobe and scattered flocculent spots in the remainder 
of the lung and throughout the middle half of the left lung field. She was acutely ill and 
her temperature was septic in character with a range of from 98° F. in the mornings to 
102.3° F. in the afternoons. 

Pneumothorax was started on the right side on Aug. 23, 1945. Numerous adhesions 
were encountered, some of which were severed on Oct. 11, 1945. However, the remaining 
adhesions which were proved inoperable by later thoracoscopy prevented closure of a cavity 
in the apex of the right lower lobe. There was no difficulty, however, in administering the 
pneumothorax treatment on this side. 

In the meantime, the left lung was getting progressively worse and at least four thin- 
walled cavities could be demonstrated in the film of Dec. 3, 1945. Although the case ap- 
peared hopeless, to give the patient whatever chance there might still be in saving or pro- 
longing her life with collapse therapy (streptomycin was not then available), pneumothorax 
was established on the left side. There was no difficulty in initiating the pneumothorax 
and no untoward symptoms. She received the first refill the following day and felt fine. 

The second refill was on Dec. 8, 1945 (250 e.c. of air). It was also accomplished 
without difficulty, and apparently everything was satisfactory. “A few hours later, however, 
she complained of increasing shortness of breath, and that night the patient was in acute 
distress. 

Fluorosecopie study revealed marked collapse of the left lung, particularly of the free 
lower lobe. The upper lobe containing the cavities was incompletely collapsed and several 
adhesions were seen extending between this part of the lung and the chest wall. (Figs. 
1 and 3.) The pneumothorax was greater than could possibly be explained on the basis 
of the relatively small amount of air introduced therapeutically. It was obvious that the 
patient had developed a spontaneous pneumothorax on the left side.° 

After removal of 1,600 ¢.c. of air, the patient was greatly relieved and again breathed 
comfortably. About twelve hours later the dyspnea again became acute, and 1,500 c.c. of air 
had to be removed before the patient was made comfortable. The same process repeated 
itself twelve hours later and again in six hours, and again in four hours. 

It became apparent that the patient had developed a small leak in the left lung and 
that a flap valve mechanism was involved—one which allowed air to enter the pleural cavity, 
but prevented its escape. Furthermore, the tear must have gradually increased in size, 
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since the accumulation of air in the left pleural cavity became progressively greater and 
decompression gave relief for progressively shorter periods, from twelve to six to four hours. 

A careful study of the x-ray film (Fig. 1) indicated that the adhesions over the left 
upper lobe might prove operable. Accordingly, the operation of closed pneumonolysis using 


the Cutler Thoracoscope was undertaken on Dee. 12, 1945. 


Fig. 1. 


Fig. 1.—Case 1. Spontaneous collapse of left lung following second pneumothorax refill. 
Heart and mediastinum are shifted sharply to right, and the diaphragm is depressed. The 
upper lobe is kept from greater collapse by adhesions illustrated in Fig. 3 

Fig. 2.—Case 1. Collapse of left lung after closed pneumonolysis with Cutler Thoraco- 
scope. Note good collapse of left lung and marked lessening of tension in pleural cavity. The 
spontaneous pneumothorax was abolished pneumothorax treatment continued. 


A eareful search for the point of leakage was unsuccessful. There was no visible 
break, no large gaping hole. This was also true in the previously reported cases and is 
readily explainable. A small point of leakage can only be demonstrated under water, as 
in the case of an inflated punctured tire tube when one can readily locate the puncture by 
watching the escaping air as it bubbles through the liquid medium; or (2) at post mortem. 

While exploring the adhesions with the forceps, it became obvious that the tear in the 
lung was at the base of the membranous band encountered at the level of the seventh 
posterior interspace (Fig. 3). In manipulating the blade of the forceps around this 

e 
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Fig. 3.—Case 1. Conditions in the left pleural cavity as seen through the thoracoscope 
before severance of adhesions. The perforation in the lung was established at the base of 
the lower membranous adhesion. For details see text. 


Fig. 4.—Case 1. Conditions in left pleural cavity as seen through the thoracoscope 
following severance of three adhesions. The patient obtained prompt and lasting relief from 
the spontaneous as soon as the lower membranous band was severed. 
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adhesion in preparation for its surgical severance, breathing became noticeably easier and 
improved remarkably following the cutting. Apparently the placing of the forceps’ jaws 
around the adhesion also covered the break in the lung and following the severance of the 
adhesion the lung in this region collapsed sufficiently to seal the tear and stop further leak- 
age of air. Short of demonstrating the break at post mortem, this must be regarded as 
reasonable proof of the mechanism involved and therefore of the rationale of pneumonolysis 
as a specific remedy in this type of traumatic spontaneous pneumothorax. 





Fig. 5. Fig. 6. 


Fig. 5.—Case 2. Tension pneumothorax in left chest in the absence of demonstrable 


disease in the lung. Annular area of rarefaction at apex believed to be an emphysematous 
bleb (not proved at thoracoscopy). X-ray taken shortly after decompression with syringe 
and needle. Note marked subcutaneous emphysema. 

_ Fig. 6.—Case 2. Left lung remains fully reexpanded nine weeks after closed pneumonol- 
ysis. No recurrence of spontaneous in interim. 


In all, three adhesions were severed. The first was the membranous band already 
mentioned. The second adhesion was in the region of the fourth posterior interspace. It 
was short, wedge-shaped, and fibrous, with lung running almost to the chest wall along the 
upper border of the adhesion. It had to be enucleated with the thoracotome. The third 
adhesion was a simple cord which extended from the apex of the lung to the subclavian 
vessels. It was severed without difficulty with the forceps thoracoscope. Part of the apex 
was found widely adherent to the posterior chest wall in the vertebral gutter. This relation- 
ship was not disturbed. (Fig. 4.) 
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Conditions in the left pleural cavity as seen through the thoracoscope before 
i second anterior rib and mediastinum. 


Fig. 7.—Case 2. 


severance of extensive adhesion running to 


Fig. 8.—Case 2. Conditions in left pleural cavity following severance of wide adhesion 
shown in Fig. 7. The adhesion had a hollow center containing numerous strings and narrow 
band adhesions. At the base of one of these strings, in the center of the main adhesion, 
there was definite dimpling of the lung, as if a small tear were present. No actual break, 


however, could be demonstrated. 
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The patient tolerated the operative procedure quite well and remained remarkably free 
of dyspnea following operation. She obtained a good collapse of the left lung and was 
relieved of her distressing traumatic spontaneous pneumothorax (Fig. 2). Some time later 


this patient died of progressive pulmonary tuberculosis. 


TENSION PNEUMOTHORAX IN AN APPARENTLY HEALTHY LUNG 

Spontaneous pneumothorax is not a rare occurrence in apparently healthy 
people and not uncommon in the presence of pulmonary tuberculosis. In the 
latter, it may result from a ruptured emphysematous bleb or from erosion, the 
result of progressive disease. In either case, the spontaneous pneumothorax 
may develop into the tension variety and if not cured may lead to death. 

In the ease to be reported below in a patient known to have pulmonary 
tuberculosis, it was the ‘‘good,’’ contralateral or untreated lung which under- 
went spontaneous collapse and threatened the life of the patient. 

The spontaneous apparently followed the rupture of an emphysematous 
bleb, but the valve mechanism resulting in the tension pneumothorax was due 
to subsequent tear of the lung at the base of attached pleural adhesions, the 
same as in the first ease described above. 


CASE REPORT 


This patient, J. A. aged 38 years, was under pneumothorax treatment for advanced 
tuberculosis involving the right upper lobe since July 30, 1946, and was apparently doing 
well. As far as one could tell from routine chest x-ray studies, the left lung was free 
of disease. 

On the afternoon of June 2, 1947, he developed sudden pain in the left or untreated 
side and became progressively short of breath to the point of acute distress. The outlook 
appeared ominous. <A diagnosis of tension pneumothorax was made. Repeated aspirations 
of air from the left pleural cavity with syringe and needle gave only temporary relief, 
the intrapleural pressure quickly rising to positive, irrespective of the amount of air 
aspirated. It was obvious that the spontaneous pneumothorax was complicated by a pleural 
tear of considerable size. 

An intercostal catheter was then inserted into the pleural cavity and continuous under- 
water decompression instituted. This was kept up for three full days. 

The patient obtained definite relief, but as soon as the catheter was pinched off 
dyspnea returned and became threatening. It became apparent that the pleural fistula would 
not close under this management. In the meantime, fluid began to form in the pleural cavity 
and infection of the space and exhaustion of the patient were real dangers. 

Careful fluoroscopic study was strongly suggestive of apical adhesions. There was 
also evidence of what appeared to be an emphysematous bleb at the left apex (Fig. 5). 
Pneumonolysis was accordingly undertaken on June 2, 1947. 

An extensive cylindrical type adhesion was noted running anteriorly from the anterior 
surface of the left upper lobe to the second anterior rib and first interspace, merging 
mesially with the mediastinum (Fig. 7). The adhesion first appeared solid, but on severing 
the axillary border one entered a free space. As the wall of the adhesion was released, 
numerous strings and small bands were seen. At the base of one of these strings, in the 
center of the main adhesion, there was definite dimpling of the lung as if there was a small 
tear present. On careful examination, however, one could not demonstrate a break. The 
string and band adhesions were severed with the Cutier forceps and the main adhesion 
resected almost to the mediastinum with the thoracotome (Fig. 8). 

Following operation the patient obtained gratifying improvement in his dyspnea.. 
As a precaution, the intercostal catheter was allowed to remain in the pleural cavity and 
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underwater decompression was maintained. Upon blocking the catheter, however, there 
was no recurrence of dyspnea. The lung gradually reexpanded and the catheter was re- 
moved (Fig. 6). The patient is cured of the serious spontaneous pneumothorax which 


failed to respond to other measures. 
SUMMARY 


Tension pneumothorax is always a serious complication requiring emer- 
gency treatment. Primarily it is a symptom. complex occurring in individuals 
with a variety of lung pathology or with no demonstrable disease. 

In this report, emphasis is on life-threatening tension pneumothorax which 
can be treated successfully by pneumonolysis after other measures fail. Two 
patients are reported cured by this procedure. 

In one patient, tension pneumothorax occurred as a direct complication 
of pneumothorax therapy for pulmonary tuberculosis. In the other, also a 
known tubereulous individual, it developed on the ‘‘good’’ or untreated side 
with no demonstrable disease present in the lung, probably the result of a rup- 
tured emphysematous bleb. In both instances the valve mechanism resulting 
in the tension pneumothorax was the same, namely, tear of the lung at the 
base of an adhesion with the adhesion remaining attached to the lung and chest 
wall. 

When the offending pleural adhesion remains attached to the lung and 
prevents self-closure of the tear, pneumonolysis has proved itself a specific surgi- 
eal procedure for abolishing the complication. Once the offending adhesion is 
severed, the lung retracts, the tear seals itself automatically, and the patient ob- 
tains immediate and lasting relief. 

In the presence of therapeutic pneumothorax, treatment to control the 
tuberculosis may be continued with safety once the offending adhesions are out 
of the way. If no operable adhesions are found at thoracoscopy, however, the 
pneumothorax should be abandoned, as the complication, even if temporarily 
corrected, may recur at subsequent refills and may lead to death. 
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MYOBLASTOMA OF THE BRONCHUS* 


AtyIn R. Kraus, M.D., Perry J. MELNICK, M.D., AND JOSEPH A. WEINBERG, M.D. 
Van Nuys, CALir. 


BRIKOSSOFF,! in 1926, described a type of neoplasm which oceurs chiefly 
A in immediate relation to striated muscle and which is composed of its 
embryologie precursors, the myoblasts. There have been many instances of 
such a tumor, now known as the myoblastoma, reported in the literature since 
then. Of the cases previously reported, with their diffuse distribution over the 
body, there has been only one of the bronchus, that reported by Kramer? in 
1939. A ease which has recently come under our observation is reported because 
of its rarity and the difficulties which may be encountered in the diagnosis of this 
type of neoplasm. 

REPORT OF A CASE 


A 48-year-old white man was admitted to Birmingham Veterans Adminis- 
tration Hospital on July 17, 1946, with complaint of a draining sinus of the 
right thoracie wall, posterolaterally, of six years’ duration. He had apparently 
enjoyed good health working as a grocer and salesman until 1938, at which time 
he was hospitalized for pneumonia at the Veterans Administration Hospital, 
Los Angeles. Following his discharge, he was troubled with intermittent bouts 
of fever and chills until his hospitalization again in December, 1939, for a 
recurrent pneumonitis, right base. In February, 1940, a rib resection, ninth 
rib posteriorly, was done for drainage of a localized empyema and a lung abscess. 
Bronchograms revealed multiple abscess pockets and bronchiectasis in the right 
lower lobe. On Nov. 4, 1940, a right lower lobectomy was performed at San 
Fernando Veterans Administration Hospital. Microseections revealed chronic 
multiple lung abscesses with regenerative epithelial areas. The patient developed 
a bronchopleural fistula and had persistent blood-tinged mucous drainage from 
a sinus tract in the right seventh interspace posterolaterally. He was discharged 
in October, 1941, and during the following year was hospitalized on two separate 
occasions for exacerbation of cough and increased bloody drainage from the 
sinus tract. In June, 1943, he was again hospitalized, this time because of fever 
and foul drainage from the sinus. Repeat bronchoscopies revealed a mass in 
the right main-stem bronchus filling the entire lumen, and on biopsy at 
another hospital this was interpreted as being chronic granulation tissue with no 
evidence of malignancy. An attempt was made to obliterate the bronchopleural 
pulmonary sinus by plastic operation on Nov. 8, 1943, but was unsuccessful. 
He showed clinical improvement on instillation of penicillin solution into the 
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pital, Van Nuys. 
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cavity, and was discharged from the hospital in September, 1944, and readmitted 
three days later because of hemoptysis. This subsided with bed rest; the 
patient was observed for some time and was discharged in November, 1944. He 
was admitted to Birmingham Veterans Administration Hospital on July 17, 
1946, because of moderate hemoptysis and a persistent hemorrhagic and puru- 
lent drainage from the sinus tract. 

Course in Hospital—On admission, physical examination was essentially 
negative except for a draining sinus in the right seventh interspace postero- 
laterally, from which there was a moderate amount of purulent secretion. 
Bronchoscopy revealed an obstruction of the right upper lobe bronchus by an 
old blood clot and granulation tissue at the carina and in the right main 
bronchus. The histologic features of the biopsied specimen were interpreted 
by another pathologist as histioeytie proliferation in association with lipoid 
deposition. Bronchoscopy was repeated on seven different occasions, a small 
amount of tissue being removed each time. The sinus tract was treated with 
injections of penicillin jelly and the drainage showed fluctuations in amount 
and consistency. Repeated sputum examinations were negative for acid-fast 
hacilli. The patient’s general condition. was excellent; he was afebrile and 
felt well. X-rays of the thorax revealed the lower half of the right lung field 
obscured by an homogeneous density which represented thickened pleura. The 
upper half of the right lung was clear. There was an old resection of posterior 
segments of ribs on the right from the fifth rib down with marked reparative 
changes. The left lung was clear. On the last bronchoscopy done, Feb. 5, 
1947, a tumor mass was seen just below the bifurcation of the trachea in the 
right main-stem bronchus about one centimeter from the carina and partially 
filling the bronchus. The upper lobe bronchus was not visible. Two speci- 
mens were taken with punch forceps. Mierosecopie section revealed a tumor 
composed of large elongated syneytial bands and large round cells having a 
characteristic structure. The syneytial bands were well delimited from each 
other. They had an ample, pale, bluish-staining, finely granular and vacuo- 
lated cytoplasm and small, round to slightly oval, dark-staining nuclei. The 
nuclei were fairly regular and there was no evidence of malignancy in these 
sections. 

The morphology of these syneytial bands resembled undifferentiated striated 
musele fibers. The clumps of tumor cells were embedded in a cellular stroma. 
The stroma cells, in places, varied somewhat in size. There were moderate 
amounts of collagen separating the clumps of tumor cells. There was an over- 
lying intact bronchial mucosa beneath which was a layer of smooth muscle cells. 
Adjacent to the large granular cells there were bundles of fusiform cells which 
also resembled undifferentiated myoblastie elements. The nuclei of these cells 
varied distinctly in size and occasional mononuclear and multinuclear giant 
cells were seen which appeared to be of myogenic origin. The specimen was 
interpreted as a myoblastoma of the bronchus. 

Planigrams (Fig. 1) taken shortly after bronchoscopy showed a large 
tumor mass 3 by 414 em., projecting from the hilum into the main right 
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bronehus about 14% em. distal to the bifureation, narrowing its lumen to about 
one-fourth its normal caliber. The origin of the upper lobe bronehus was not ob- 
structed. Fluoroscopie examination with barium revealed no evidence of ab- 
normality. The esophagus was neither constricted nor displaced. Planigrams 
with barium in the esophagus revealed no connection of the right mediastinal 


mass with the esophagus. 





Fig. 1.—Planigrams taken at 7 and 7.2 cm. from the posterior chest wall, showing the location 
of the tumor. 

On Feb. 21, 1947, a right pneumonectomy was performed. Resection of 
the right upper and middle lobes (Fig. 2) was carried out through an anterior 
transverse incision made over the fourth rib, extending from the sternum 
laterally to the midaxillary line. Freeing of the lung and tumor was un- 
usually difficult because of firm adhesions. Due to excessive blood loss, the 
patient received ten pints of blood while on the operating table. His con- 
dition following surgery was good. 

On the day following operation, the patient was unable to move both 
lower extremities. There was some motion in the left foot and good tone of 
museles around the ankle but not around the knee. Deep reflexes were absent 
except for slight motion on the right patellar reflex. The abdominal reflexes 
were absent, and the cremasterie were present. There were no pathologie toe 
signs. Vibratory and light touch were present and there was hypesthesia to 
pin prick up to D8. Circulation was good. There was no evidence of any 
organie etiology and it was felt that the patient was suffering from a mild 
hysteria. Within the course of the following few days, movement gradually 
returned. The patient appeared to be getting along well and was making an 
excellent recovery. At no time following surgery was there any evidence of 
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a peripheral thrombosis. On March 4, 1947, on the eleventh postoperative day, 
the patient had what appeared to be a pulmonary embolus and expired. Post- 
mortem examination could not be obtained. 

Pathology Report.—The specimen consisted of a right lung ineluding only 
the upper and middle lobes. The lower lobe had been previously reseeted and 
the stump of the main bronchus for the lower lobe was embedded in dense 
hyaline sear tissue at the hilus. The entire hilus was the site of an irregular 
patch of dense sear tissue 2 by 3 em. in dimensions, in which were embedded 
the main blood vessels to the lobe. Attached to this sear tissue there was a 





Fig. 2.—Photograph of the tumor and the resected upper and middle lobes of the right lung, 
showing the tumor occupying the right main-stem bronchus. 
large tumor mass which occupied the entire hilar area of the lung. The tumor 
was 6 by 5 by 31% em. in dimensions. Most of the tumor filled and distended 
the main bronchus of the right lung. It formed a rounded mass whose surface 
was fairly smooth and well delimited. The mass, which was of firm con- 
sistency, protruded into the adjacent lung parenchyma for a distance of 114 
em, The cut surfaces had an homogeneous yellow-gray color and coarsely 
trabeculated appearance. A small pateh of hemorrhage occupied the upper 
pole. The tumor could be separated from the adjacent bronchus throughout 
most of its extent, but along its lower pole it had broken through the bronchial 
wall posteriorly, so that a portion of it 144 by 1 centimeters in dimension was 
found in the lung parenchyma. The lung itself was firm. The pleura was 
thickened everywhere by interstitial fibrosis. The cut surfaces were dark red- 
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brown and granular. The hilar lymph nodes were small and anthracotie. The 
smaller bronchi were distended and filled with purulent material. Micro- 
scopieally, the tumor was composed of three elements (Fig. 3): (1) Character- 
istic large cells which resembled undifferentiated striated muscle fibers. They 
had foamy, vacuolated, and granular cytoplasm and small, round to oval, dark- 
staining nuclei. These cells usually formed long bands arranged in groups and 
layers. Occasionally they formed syneytial masses. Heidenhain iron-hematoxy- 
lin stains showed the granular structure of the eytoplasm to be arranged in 


D ya4 


Fig. 3.—Photomicrograph (magnification 250, hematoxalin and eosine) showing the 
characteristic large cells with the foamy, vacuolated and granular cytoplasm and small, round 
to oval, dark-staining nuclei, as well as clumps of fusiform cells. 


parallel rows, resembling rudimentary cross striations. (Abrikossoff'* re- 
ported them in two of his eases.) Stains for glycogen were negative. (2) 
Clumps of elongated cells closely resembling smooth muscle cells, whose elongated 
nuclei had a fine chromatin network, rounded ends, and nucleoli, and whose 
cytoplasm was composed of longitudinal myofibrils. The nuclei of these cells 
varied in size somewhat but there was no evidence of malignaney. These cells 
formed prominent clumps which intermingled with the large cells described 
above. (3) Seattered large cells (which were smaller than either of the two 
above types) whose ample cytoplasm contained an abundance of deeply eosino- 
philie granules. These cells tended to be elongated and had oval, dark-staining 
nuclei. They bore no resemblance to eosinophilic leucocytes or myelocytes, but 
appeared to be a variety of the second type of cell described above. 

The adjacent bronchus was not invaded by the tumor. The hilar lymph nodes 
showed only anthracosis; there were no eosinophilic leucocytes in their sinusoids. 
The lung parenchyma distal to the tumor was somewhat atelectatic, the alveoli 
contained recent hemorrhage, and the alveolar walls were thickened by hyperemia 
and some fibrosis. 
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Discussion.—Misinterpretations in diagnosis are frequently encountered, 
even though the histologic characteristies of sueh tumors seem to be well agreed 


upon. In one of the first biopsies obtained on bronchoscopy in our case report, 
Dp 


the specimen was interpreted elsewhere as histioeytie proliferation in associa- 
tion with lipoid deposition. This was suggestive of the presence of a foreign 
hody (such as suture material), and on the basis of this, repeated bronchos- 
copies were done in an attempt to locate and remove the suspected foreign 
substanee. These first microsections when reviewed after the last biopsy was 
obtained, showed them to be similar in appearance, with the characteristic 
syneytial bands, and with a finely granular and foamy vacuolated cytoplasm 
and small, round to oval, dark-staining nuclei. 

No attempt is made here to discuss in detail the various theories relative 
to the occurrence of these tumors. As Klinge* pointed out, the occurrence of 
the tumor in regions where no striated muscles appear, ean be explained on a 
dysontogenetie basis; namely, that such tumors arise from retained or mis- 
placed primitive myoblasts which failed to develop into adult musele tissue. 
Abrikossoff, in reporting the first cases of myoblastoma, interpreted the tumors 
as arising from primitive muscle cells which developed in an attempt to repair 
a degenerative process following some injury or inflammatory process, and not 
from embryonal cell rests. This was also suggested by Meyer? and by Roffo® 
in 1933. Gander? and Gray and Gruenfeld® were of the opinion that tumors 
arising in these locations were not histogenetically identical with granular cell 
tumors arising within skeletal musele. Abrikossoff, however, later agreed that 
myoblastoma arising in an area that is devoid of striated musele might orig- 
inate from primitive myoblasts representing an embryologie rest. The majority 
of investigators regard all of these granular cell tumors as of myoblastie origin. 

The identification of the characteristic tumor cells as the ancestral cells of 
striated muscle is strongly suggested by the granular cytoplasm as well as by 
the presence of the ribbonlike syneytial masses. These latter, according to 
Godlewski’ imitate the early embryonal evolutionary phase of the musele fibers. 

Abrikossoff! originally classified myoblastomas into four main groups: 

1. Tumors composed of myoblasts completely devoid of striations: these are 

the pure myoblastomas. 

Tumors with myoblasts similar to those in Group I but showing infre- 
quent longitudinal or cross striations or both, only imperfeetly developed 
in the margins of the cells. 

Tumors with hypertrophic myoblasts some of great size, frequently 
multinucleated. and of syneytial type. Striation may or may not be 
present. When it is present, it is usually found in the peripheral zone 
of eytoplasm. 

Atypical myoblastie sarcoma, a polymorphous-celled tumor, in some 
areas frankly sarecomatous, in others showing more highly differentiated 
cells with well-defined longitudinal and eross striation. 

The tumor deseribed here would fall into Group IIT of Abrikossoff’s elassi- 
fication. 
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An analysis of 158 eases by Howe and Warren’? showed 56 per cent oceur- 
ring in the upper digestive and respiratory tracts. This predisposition may 


he explained on an embryologie basis, for these organs develop from the primi- 
: * : : ; ; 
tive oropharyngeal eavity and its surrounding branchial structures. It is here 


that embryologie malformations oecur so frequently. 

Crane and Tremblay" reported 37.6 per cent oceurring in the tongue and 
20.4 per cent in the skin and subcutaneous tissue. The other sites were muscle, 
maxilla, breast, larvnx and voeal cords, mandible, lip, trachea and bronchi, ear, 
alveolar process of the jaws and anus, with single cases in bladder, esophagus, 
lacrimal sae, floor of mouth, pharynx, spermatic cord, urethra, and vulva. 

According to Ilowe and Warren” there is no significant age distribution, 
eases having been reported from 2 weeks to 81 vears. There is also no sig- 
nificant variation in sex distribution. As to the duration of sueh tumors, 
accurate evaluation is diffieult. Of 50 eases reported by them with informa- 
tion regarding duration, 31 per cent of the benign lesions had beef known to 
he present for six months or less, as against 75 per cent of the malignant lesions. 

Regarding the question of malignancy, there was no evidence of malignant 
changes in the tumor reported here. Myoblastoma is considered to be.a benign 
tumor, though Meyenburg,'? in 1929, reported a sareomatous granular cell 
tumor. Howe and Warren'® have reported a total of fourteen cases in which 
it showed cancerous characteristics. Ravieh, Stout, and Ravich'® reported 
metastases to the liver, spleen, lung, skull, and pelvie tissues following excision, 
with reeurrenee of a myoblastoma of the urinary bladder. Powell't reported 
one case of the presence of metastatic nodules from a primary ovarian or 
retroperitoneal growth, and Aekerman and Phelps'® reported a malignant gran- 
wlar-eell mvoblastoma of the gluteal region. Other local reeurrences have been 
reported by Horn and Stout'® and Cappell and Montgomery.'’ In the case of 
myoblastoma of the bronehus reported by Kramer? the tumor had the typieal 
microscopic appearance and showed no malignant changes. 


SUMMARY 
Myoblastoma of the bronchus is a rare finding, this being the seeond such 
case reported in the literature. The lesion is described and the difficulties 
encountered in the diagnosis are discussed. 


[It seems probable that the origin of this interesting and rare tumor is the 
same as that of other bronchial tumors in which mesoblastie elements pre- 
dominate, such as those which have been described under the names of chon- 
droma, osteoma, fibroma, lipoma, angioma, myxoma, and sarcoma: in other 
words, from a failure of a bronchial bud to develop into a normal adult ar- 
rangement of tissues. When the epithelial elements of a disorganized bud pre- 
dominate, the tumor that develops is often ealled ‘‘bronchial adenoma.’’ See 
Graham, EB. A., and Womack, N. A.: The Problem of the So-Called Bronchial 
Adenoma, J. THoracic. Surg. 14: 106-119, 1945.—Editor. | 
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SELF-RETAINING SCAPULA RETRACTOR FOR THORACOPLASTY 


O. C. BrRantIGAN, M.D., ANp T. B. Aycock, M.D. 
BaLtTmMore, Mp. 


ITE advantages of self-retaining scapula retracting in thoracoplasties, espe- 

cially in the first stage, have been discussed in a previous publication.' 
The principle of obtaining countertraction by the use of a rib was established. 
It was shown that any of the conventional rib spreaders could be used as a selt- 
retaining scapula retractor so long as the assistant kept the retractor blade from 
slipping upon the scapula. Furthermore, it was suggested that a specially pre- 
pared retraeter blade would prevent slipping of the retractor on the scapula. 


Fig. 1.—The self-retaining scapula retractor shows the mechanism for opening the re- 
tractor blades. This mechanism can be used for either the right or left side. There is a small 
Y-shapel retractor blade for application to the rib which is used for countertraction. The blade 
presents an edge and a wedge effect upon the rib, thus preventing slipping on the rib. It can 
be used right or left without adjustment. The larger blade is applied to the scapula covered 
with its muscles. The pegs in the blade prevent it from slipping. The blade is reversible, per- 
mitting its use on either the right or the left side. The mechanism of adjusting the blade is 

, 


illustrated in Fig. 2. 


Many thoracie surgeons have asked for a special retractor designed for 
self-retaining scapula retracting. A seapula retractor which would not slip, 
would free both hands of the assistant. If no assistant surgeon were avail- 
able, it would permit the operator to work efficiently, assisted only by a nurse. 
Klassen? objected to using the ordinary rib spreaders and claimed that the 


pleura was punctured on many occasions. Puneturing of the pleura has not 
occurred in the experience of the authors. Klassen designed a special retractor 
adapted from a Tuffier rib spreader. A right and a left instrument are needed. 
If an instrument must be modified. an entirely new one may as well be designed. 


From Department of Surgery, School of Medicine, University of Maryland. 
Received for publication Sept. 22, 1947. 
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| Loosening Screw Releases 2.Turn Retractor 3.Set Aetractor blade and 
Retractor blade blade tighten screw 


Fig. 2.—The large retractor blade for application to the scapula must be turned 180 de- 
grees to permit the instrument to be used on either the right or left side. The blade is held 
in place by a screw and two pegs that fit into holes in the retractor blade. The pegs and holes 
in the retractor blade make it unnecessary to depend upon the screw alone to hold the blade in 
the proper position. 4, The screw is loosened, thus releasing the retractor blade. 2, The blade 
is being rotated. It is not necessary to remove the screw. The instrument does not come apart 
and, therefore, it is easily adjusted without dropping parts. 3, The retractor blade has been 
rotated 180 degrees and the screw tightened, thus setting the blade for the opposite scapula. 


Fifth Rib ; \\ cle 
i i SQ 


Fig. 3.—The application of the self-retaining scapula retractor to the first stage of a 
standard type of thoracoplasty on the left side. The fifth rib is used for countertraction. The 
small blade is applied to the fifth rib about two inches lateral to the lateral margin of the 
iliocostalis dorsi muscle after subperiosteally freeing a distance of about one inch on the upper 
and inner surfaces of the rib. The larger blade is applied to the scapula covered by its muscles. 
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It is superfluous to describe the new self-retaining scapula retractor, since 
it is so adequately shown in the drawings (Figs. 1, 2, and 3). The use of 
a new type of mechanism for opening the blades of the retractor and an ad- 
justable blade to fit the scapula permit the instrument to be used on either 
the right or the left side. 

For the instrument to function most efficiently the upper extremity should 
be extended above the head on the side of the thoracoplasty. The fifth rib is 
used for countertraction when doing the first stage of a standard type of 
thoracoplasty. The blade that is to be applied to the rib should be placed 
about two inches lateral to the lateral edge of the iliocostalis dorsi muscle 
after subperiosteally freeing a distance of about one inch on the upper and 
inner surfaces of the rib. Upon completion of the operation this area should 
be swabbed with 10 per cent formalin so that irregular bone regeneration will 
not interfere with removal of the rib at the second stage of the thoracoplasty. 
Gauze should not be used beneath either blade of the retractor, since it promotes 
slipping. 

In practical use the instrument has not slipped out of position. Since the 
assistant need not hold the retractor, his attention can be directed solely to 
aiding the surgeon. The pleura has not been entered or punctured by the 
instrument. The exposure obtained is greatly increased over other methods 
even to the extent that it is well to warn against dissecting tissue too far 
anteriorly because it is easy to carry the operation further anteriorly than is 
necessary. The retractor also has been found extremely useful when doing a 
revision type of thoracoplasty. 


CONCLUSIONS 
An efficient self-retaining scapula retractor has been presented. 


The instrument described is manufactured by Mr. E. Hydemann of the Baltimore 
Instrument Co., 1010 Ridgely St., Baltimore, Md. 
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WAR WOUNDS OF THE ESOPHAGUS 


GroRGE N, J. SomMER, JR., M.D., TRENTON, N. J., AND 
CHARLES E. O’Brien, M.D., ANN ArsBor, MICH. 


OUNDS of the esophagus have been infrequently treated by military sur- 

geons. Because of the close proximity of the organ to the trachea, the 
great vessels of the neck, and the thoracic aorta, esophageal wounds are often 
associated with other injuries causing sudden death. Only rarely, therefore, 
have soldiers with esophageal wounds reached even the most advanced medical 
installations. Turner®* wrote that injuries of the esophagus in war were rare 
and that there were few records of cases in which the esophagus has been in- 
volved and fewer still in which it has been the only organ injured. Euthall’ 
observed one cervical esophageal wound among 8,000 patients admitted to a 
casualty clearing station during World War I. Esophageal wounds are not 
mentioned in the official American®* and British’? medical histories of World 
War I. The standard German military surgery texts of Franz? and Borechard 
and Schmieden® contain seant notice of the esophagus. Edwards,® in an exeel- 
lent review of thoracie injuries, did not mention esophageal wounds. <A study 
of this subject by review of the literature is difficult because of the scarcity and 
the obscurity of reports. One case of Turner” was originally included in a 
report on gunshot wounds of the urinary bladder. 

Wounds of the cervical esophagus have been more frequently deseribed 
than those of the thoracic portion. Bergheimer? collected thirty-one cases of 
bullet wounds of the cervical esophagus and reported an additional fatal peace- 
time case from Madelung’s clinic. Doubts as to the authenticity of some of 
these collected cases have been east by Madelung.'* Six fatal eases of wounds 
of the cervieal esophagus have been reported by Berger,! Euthall,? Madelung,” 
and Zeller®® during World. War I. The deaths were due to mediastinal, pleural, 
and pulmonary suppurative processes. Haecker’® described the death of a sol- 
dier, whose neck had been crushed in an automobile accident during the first 
German campaign in Poland of 1939. He believed that the esophagus had been 
perforated by a vertebral transverse process. 

Madelung" attained a cure of a lacerating bullet wound of the cervieal 
esophagus; the wound was explored and a tube, which was removed eight days 
later, was introduced into the stomach through the laceration. Jensen'’ oper- 
ated upon a child, whose esophagus had heen perforated by a sled runner, 
within 2.5 hours of the injury. He drained the cervieal wound and passed a 
duodenal tube through the nose. The tube was removed in eleven days; the 
child made a complete recovery. Miscall and Harrison'* reported the remark- 
able cure of a patient with a tracheoesophageal fistula and a mediastinitis fol- 
lowing a cervical wound. It was necessary to perform a tracheotomy, a partial 
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thyroidectomy, drainage of the abscess, and, finally, a plastic closure of the 
fistula with the interposition of neighboring soft tissues between the trachea 
and the esophagus. 

A patient operated upon by Drash® in an evacuation hospital illustrates 
the association of vascular and esophageal injuries. The patient was admitted 
with a small penetrating shell fragment wound of the neck and a good sized 
hematoma. At operation a small perforating wound of the carotid vessels at 
the bifureation of the common carotid artery required ligation of all three 
vessels. The small shell sliver, which had penetrated the esophageal wall into 
the lumen, was removed and the wound closed with a fine suture. The patient 
recovered. 

Two instances of esophageal wounds oeceurred among 511 patients ad- 
mitted to a thoracic surgery center* in England during 1944-1945. One ease 
involved the cervical and the other the thoracie esophagus. 


CASE 1.—A 25-year-old soldier sustained a penetrating shell fragment wound of the 
left hemithorax Dee. 24, 1944. The same day the wound of entry was debrided; a needle 
with flutter valve was inserted into the pleural cavity to control tension pneumothorax. 
Roentgenograms demonstrated that the missile lay at the base of the neck. December 26 a 
left thoracotomy was performed by Maj. Irving Sarot, Medical Corps, who found a laceration 
of the superior mediastinal pleura but was unable to reach the fragment. Jan. 1, 1945, a left 
cervical incision was made, and the missile was removed by Major Sarot from a_ position 
adjacent to the esophagus. An empyema developed, which was drained and packed after 
resection of a long length of the most dependent rib. Penicillin, 4,050,000 units, was given 
intramuscularly December 24 to January 16. The seriously ill patient was admitted to the 
center January 26. The empyema was draining through an incision parallel to the resected 
rib, Roentgenograms demonstrated a superior intrapleural fluid and air pocket. Iodized 
oil was injected into this pocket after aspiration of pus. Roentgenograms then showed that 
the superior pocket communicated with the inferior empyema space and the drainage site 
by a narrow track. January 29 the superior pocket was dependently drained by resection 
of the fourth rib through an axillary incision, The suspected bronchopleural fistula was then 
found. Liquids taken by mouth appeared in part in the new wound. A nonhemolytic 
Staphylococcus aureus and a bacillus of the colon aerogenes group grew in cultures planted 
from the pus. The patient progressively improved following the empyema drainage. The 
esophageal fistula healed February 7. The bronchopleural fistula and the two empyema 
pockets closed later. The patient was transferred on walking status to the United States 
May 9. 


Wounds of the thoraci¢ esophagus have been considered more serious than 
those of the cervical portion. Gordon-Taylor™ stated, ‘‘The story of wounds of 
the esophagus is not unnaturally dispiriting,’’ in writing concerning abdom- 
inal wounds. The serious complication of accompanying vascular injury is 
illustrated by a patient of Madelung,'’ who died of erosion of the aorta seven- 
teen days following a penetrating shell fragment wound of the thorax; there 
was an associated esophageal laceration. Rasumswoski'® cured a patient with a 
wound of the thoracic esophagus by drainage of the associated mediastinal 


abscess. 


*140th General Hospital. 
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During World War II, Fish* had the opportunity of operating, shortly 
after injury, on a soldier whose thoracie esophagus had been perforated by a 
bullet during training. The missile had lodged against the trachea. The esoph- 
agus was exposed through an extrapleural approach. The bullet was removed, 
the esophageal wounds were closed with eatgut sutures, and the operative 
wound was drained. The patient recovered after a stormy course complicated 
by atelectasis, mediastinitis, and hemothorax. <A tracheotomy was required 
during the postoperative period. Burbank, Falor, and Jones* reported that 
three wounds of the thoracic esophagus were sutured among 374 thoracic 
wounds treated by the personnel of an auxiliary surgical group. Their eases 
of esophageal wounds were not described, but they were probably not so severe 
as that of the patient treated by Fish.* 





Fig. 1. Fig. 2. 


Fig. 1.—Case 1. Anteroposterior roentgenogram with barium meal showing relationship 
of bullet to esophagus. 

Fig. 2.—Case 1. Lateral roentgenogram with barium meal showing relationship of bullet 
to esophagus. 

Missiles may lodge very close to the esophagus and not damage it in some 
patients. Gatschers™ has described such a patient, in which the bullet lying 
adjacent to the thoracic esophagus could be seen to move with the organ on 
fluoroscopic examination. This patient was discharged to duty after three 
months’ observation. Four of the twenty mediastinal foreign bodies reported 
by Sommer and McColloch*' lay adjacent to the esophagus. Their relation- 
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ship was well demonstrated by barium studies of the organ. It certainly seems 
wise to remove foreign bodies so located. 


CASE 2.—A 35-year-old soldier was struck by a bullet, which perforated the lower left 
arm and penetrated the left hemithorax Feb. 27, 1945. The arm wounds were debrided the 
same day, and a plaster encasement applied for the compound fractures of the radius and 
ulna. A very limited left thoracotomy was performed with debridement of the wound and the 
fractured seventh rib. Penicillin, $20,000 units was given intramuscularly February 28 to 
March 3. At various times between March 5 and April 9, 840,000 units were given intra- 
muscularly. Fluid was aspirated from the left pleural cavity March 5 and 12. The patient 
was admitted to the center March 28. Roentgenogram showed the pistol bullet to lie in the 
upper mediastinum, Films taken after the ingestion of barium (Figs. 1 and 2) demonstrated 


Fig. 3.—Case 1. The patient twenty days after operation. 


that the bullet lay just to the right of the esophagus, which was displaced to the left. May 
1 the right pleural eavity was opened with resection of the fourth rib. An excellent ex- 
posure of the upper mediastinum was attained. The bullet, which lay under the mediastinal 
pleura, was readily removed. The convalescence was complicated by subcutaneous emphy- 
sema, probably due to positive pressure used in expanding the lung at the conclusion of the 
operation, and atelectasis, The patient was bronchoscoped May 5. He made a complete 
recovery and is seen (Fig. 3) twenty days after operation, A postoperative film (Fig. 4) 


tuken nineteen days after operation shows the normal appearing lung fields. 


A personal observation of spontaneous discharge of a shell fragment into 
the thoracic esophagus without untoward results led to an effort to dis- 
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Fig. 4. Fig. 5. 
Fig. 4.—Case 1. Posteroanterior roentgenogram nineteen days following operation; nor- 
mal pulmonary fields. F 
Fig. 5.—Case 2. Anteroposterior rcentgenogram; the foreign body obscured by the car- 
diac shadow is faintly seen. 





Fig. 6. Fig. 7. 


Fig. 6.—Case 2. Lateral roentgenogram demonstrating the large metallic missile behind 
the cardiac shadow. 

Fig. 7.—Case 2. Oblique roentgenogram with barium meal; the deep notch at the earlier 
site of the foreign body is well shown. 
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cover such cases in the literature. Schilling?’ observed a patient who had sus- 
tained a penetrating wound of the neck. The soldier was expectorating blood 
and suddenly coughed up the bullet. A tracheoesophageal fistula, evidenced 
by coughing whenever the patient ate or drank, persisted for some days. No 
operation was performed and the fistula closed spontaneously, a most fortunate 
event. Turner?? reported the case of a man, who had sustained a perforating 
shrapnel wound with the point of entrance at the angle of the jaw. The bullet 
could not be located at operation, during which a tracheotomy was performed. 





Fig. 8.—Case 2. The patient with the healed wound of entry in the left axillary region. 


The patient had difficulty in swallowing but said nothing of it because of fear 
of a second operation. Two weeks after injury he suddenly gulped and swal- 
lowed an object with relief of his distress. The bullet was passed by rectum 
two days later. Turner?® later reported another World War I incident. A sol- 
dier received five perforating bullet wounds of the chest, a sixth bullet lodged 
in the lung, and a seventh entered the chest and was passed by rectum; it had 
apparently perforated into the esophageal lumen. Hetzar™ detailed a finely 
illustrated case of late esophageal perforation by a bullet with spontaneous 
eure. The early roentgenograms demonstrated the. 30 caliber bullet lying to 
the left of the esophagus at the level of the seventh dorsal vertebral body. 
Later films failed to show the missile. A barium study of the esophagus showed 
a dilated lumen just above the point of earlier lodgment. The patient had no 
symptoms fifteen months after injury. 
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CASE 3.—A 25-year-old soldier sustained a penetrating shell fragment wound of the 
left thorax with a compound fracture of the fifth rib Jan. 23, 1945. The sucking wound was 
promptly debrided and closed, An intercostal drainage tube was inserted. January 23, 100,000 
units of penicillin were given intramuscularly, and 240,000 units were given February 11 and 
12. The patient was admitted to the center February 25. The accompanying roentgenograms 
taken February 14 (Figs. 5 and 6) demonstrated a large, ragged, metallic foreign body lying 
close to the mediastinum in the midthorax. New roentgenograms of February 26 taken 
prior to a planned operation for removal of the foreign body failed to reveal it. The 
patient was completely examined by fluoroscopy without the missile being found, A barium 
study of the esophagus (Fig. 7) then showed a notch at the site of entrance of the foreign 
body into the lumen. The patient (Fig 8) had been unaware of the passage of the foreign 
body. He returned to the United States quite well April 15. 


Kay'® has discussed briefly eight patients with esophageal wounds treated 
after their return to the United States. In one case an esophagotracheal fistula 
healed without operation. There were four other cases with associated in- 
juries of the trachea. The patients as a whole suffered with paraesophageal 
and mediastinal abscesses, fistulas, and strictures. This group of patients 
shows that the course of esophageal wounds may be long and complicated before 
cure is attained. 


SUMMARY 


Esophageal wounds are some of the most serious that oceur in war, both 
from the standpoint of the dangers inherent in themselves and from damage 
to neighboring large blood vessels and the trachea. There is evidence in the 
literature, however, that prompt surgical intervention will save the lives of 
some of these patients. The antibiotic drugs ‘now available and the improved 
methods of anesthesia and resuscitation have changed the prognosis of eso- 
phageal wounds from that of earlier wars. Adequate and prompt drainage of 
mediastinal ard pleural infections should be carried out for patients develop- 
ing these complications. Surviving patients may have fistulas for some time 
or develop strietures. 
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SPONTANEOUS HEMOPNEUMOTHORAX TREATED BY 
DECORTICATION 


A Case REpoRT 


ParKeR ID. ELRop, M.D., ANp James D. Murpny, M.D. 
OTEEN, N. C. 
INTRODUCTION 
ITT*’ and Rolleston*' in 1900 independently reported what are considered 
to be the first cases of idiopathie spontaneous hemopneumothorax. Hopkins'® 
in 1937 recorded the first to be reported in a female patient. Hartzell'* in a 
review of the literature in 1942 found forty cases and added three of his own. 
Of all cases reported up to that time fourteen, or 33 per cent, were fatal. Since 
then several more have been reported,” 1: 2% 28 *% ™% 44 some of which have been 
fatal.'* Autopsies'* '* have been performed on a number of patients without 
conclusive proof concerning etiology. As far as can be determined, this is the 
first patient who received an operative exploration. 

Samson and Burford** have a most excellent and interesting review of the 
history of pulmonary decortication. Fowler,’ on Oct. 7, 1893, performed the 
operation of pulmonary decortication for chronic empyema. Delorme,® on 
Jan. 25, 1894, performed the second such operation. The operation was at- 
tempted in subsequent years but finally came into disuse by most surgeons. 
Gurd® of Canada is one contemporary surgeon who continued the procedure to 
some extent in the treatment of chronic empyema. 

During the last war an entirely new concept of the pathology and 
pathogenesis of hemothorax was formed." *°: 1% 1% 21° ge 





39, 42, 43 





It was 
the realization of this new approach to the subject which led Burford and asso- 
ciates*® ** to perform decortication for the treatment of traumatie hemothoraces 
in 1943. Since that time, many cases of pulmonary decortication have been 
performed for traumatic hemothorax*® ** and for certain types of empyema.*” *° 
However, we have been unable to find in the literature any instance where this 
principle of decortication has been applied in a ease of idiopathie spontaneous 
hemopneumothorax. 
ETIOLOGY 


Even though no definite proof of an anatomical nature can be shown, the 
most generally aecepted explanation of the etiology is that of rupture of an 
emphysematous bleb and tearing of the pleural adhesions.* 1% 14 1% 1% 2% 28) 44 
Ilowever, there are as many theories concerning the cause of hemopneumothorax 
as there are theories for the cause of spontaneous pneumothorax. 


PATHOLOGY 


lor many years there was a misconception concerning the clotting of blood 
in the pleural cavity. Merlick and Spooner?’ showed that the blood clots in 
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Fig. 1.—Shows appearance of chest immediately after hospitalization and prior to aspiration 
of chest. This picture was taken with patient in incumbent position. 





Fig. 2.—Appearance of chest in the P. A. diameter after attempts to aspirate chest pre- 
operatively. 
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the pleural cavity. The blood clots rapidly as it goes into the pleural cavity, but 
the motion of the heart, lungs, and diaphragm causes a defibrination of the blood. 
This fibrin is precipitated out, usually on the pleura. What is left is simply 
serum and cells. This will not clot unless fibrinogen is added. For this reason, 
we can almost always aspirate a pleural cavity into which there has been bleeding 
and obtain a red fluid of simply serum and cells. Frequently, after a few days 
a pleural exudate is thrown out which leads to a ‘‘secondary clot.’’? This see- 
ondary elot is what has led to much of the misunderstanding concerning clotting 
of bleod in the pleural cavity.’ % 12: 2 24-27, 29, 36, 45 
was fully realized by such men as Trousseau** in 1834 and Elliott’? in 1916. 


This phenomenon, however, 





Fig. 3.—Lateral film made the same date as Fig. 2. 


If the blood is not immediately aspirated within two to three days following 
the development of a hemothorax, there is deposited a thin layer of clotted blood 
and fibrin®: 2! 22) 82-8. 48 which is continuous over both visceral and parietal 
pleura. A closed envelope is formed with the inner surface toward the hemo- 
thorax (serum and eells) and the outer surface loosely adherent to the pleura.** 

Within seven days following the hemothorax, there is fibroblastic and 
angioblastie proliferation in this layer. The fibroblastic envelope or membrane 
then grows thicker by deposition of successive lavers of clotted blood and fibrin. 
Within four weeks, adult fibrous tissue is located on the outer surface of this 
fibroblastic membrane. Within six to seven weeks, small arterioles can be seen 
to develop in the outer laver. The advancing inner wall remains composed of 
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Fig. 4.—Appearance of chest one week after operation. The lung is re-expanded except for a 
smail pneumothorax at the apex which disappeared in two weeks. 


“em 


Fig. 5.—Appearance of chest eight months after operation. 
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young cellular tissue, and even single wandering cells can be seen.** Eventually 
there is almost complete fusion of the outer wall with the pleura. This leads 
to fibrothorax, empyema, reduced pulmonary funetion, late pulmonary sup- 
puration, bodily deformity, and frequently pulmonary hypertension.'® ** *° 
The above applies to massive hemothoraces, and it is recognized that small 


97 


amounts of blood ean, and frequently will be absorbed.** '* 


TREATMENT 


The desired treatment in view of the pathology is early and vigorous 
aspiration. According to Sellars,** there is no need to fear a recurrence of bleed- 
ing. In addition to vigorous aspiration, whole blood transfusions, oxygen, rest, 
and such medical measures as are indicated may be employed. During con- 
valescence, breathing exercises are very helpful. If aspirations are not suceess- 
ful in returning the lung to complete expansion and full function after three to 
five weeks, a thoracotomy with decortication should be performed. 


CASE REPORT 


C. M., a 31-year-old white veteran was admitted to this hospital on Mareh 13, 1947. 
His past history was noncontributory until January, 1946. At this time, because of vague 
chest pains, he received a complete examination with x-ray of his chest. This revealed no 
pulmonary pathology. He was well until Feb. 15, 1947, at which time, while driving a car 
over a very rough road he noticed vague discomfort in the left chest, which lasted from ten 
to fifteen minutes. Because of this, he stopped the car. He then experienced a sudden 
sharp, severe pain in his left chest, and fainted. Examination by a private physician revealed 
a marked shift of his mediastinum to the right. He was told that his chest was ‘‘ full of 
fluid.’’ He received symptomatic treatment at home for ten days, and was then sent to a 
hospital. At this time, he had a septic temperature, severe anemia, and marked dyspnea. 
X-ray examination (Fig. 1) revealed obliteration of the entire left chest and a marked shift 
of the mediastinum to the right. Aspiration yielded blood. All cultures and other laboratory 
findings were normal. Sputa were negative for acid-fast bacilli. He was transferred to Oteen 
on March 15, 1947. His findings here were the same as those previously noted except that 
now air was present above the loculated fluid (Figs. 2, 3). The tuberculin skin test was 
negative. On March 25, 1947, an exploratory thoracotomy was performed. The lung was 
found collapsed and adherent to the mediastinum. The chest cavity was typical of an or- 
ganizing hemothorax. After the fibroblastic membrane on the parietal pleura was incised 
there was found a heterogeneous mass of fibrin, degenerated red cells, necrotic tissue, and 
serum in loculated pockets filling the whole interior of the fibroblastic envelope which oceu- 
vied most of the chest cavity. The fibroblastic membrane over the visceral pleura was about 
0.5 em. in thickness. This membrane was removed from the visceral pleura and diaphragm. 
Each lobe was freed from the other. 

No cause of the hemothorax was found. The lung was re-expanded and the chest closed 
about a Pezzer catheter which was attached to a Stedman pump. Fig. 4 shows the appear- 
ance of the chest one week postoperatively. The patient’s postoperative course was un- 
eventful and the catheter was removed on the third postoperative day. He was discharged 
April 25, 1947, one month after operation. At this time his lung had fully re-expanded and 
his vital capacity had increased from 1,900 preoperatively to 4,000 postoperatively. Fig. 5, 
an x-ray film made Dee. 5, 1947, shows appearance of the chest eight months after operation. 


SUMMARY 


The history of spontaneous hemopneumothorax and decortication is briefly 
reviewed. The pathology, etiology, and treatment of hemothorax are discussed 
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and a case of idiopathic spontaneous hemothorax reported. As far as the 
authors could determine, this is the first sueh ease which was explored oper- 


atively and a decortication performed. 
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HEMANGIOMA OF THE LUNG 


A Review or Four Casrs, INcLupInG Two Nor PReviousLy REportEeD, ONE or 
Wurich Was Compiicatep BY BratN Asscess DuE to H. INPLUENZAE 


G. E. WoprHouse, M.D. 
TORONTO, ONT. 


ROM the seareity of reports in the literature, hemangioma of the lung 

appears to be an uncommon lesion; while from the increasing frequeney of 
such reports in recent years, it is evident that with a higher index of suspicion 
its clinical recognition is becoming more frequent. In 1941 Dauphinee and 
Hepburn’ reported for the first time the successful treatment by pneumo- 
nectomy of a patient whose condition was correctly diagnosed clinically. They 
reviewed the literature to that date, and mentioned the cases of Bowers,® of 
Rodes,"* and of Smith and Horton,’ all of which presented features similar 
to their own case. They also reviewed the reports of four other angiomatous 
lesions of the lung, which were probably not similar to those under discussion. 
Sinee then, nine additional cases have been recorded in the English literature, 
bringing the total of traced reports of the lesion to thirteen.’ ? > & % 1% 14,17 
It is proposed to review two of these cases,* ° to report briefly one more, and 
to report in detail a fourth ease which was complicated by a brain abscess. 
All four were observed in Toronto. 


CASE 1.—Mrs. J. 8.8 On Feb. 14, 1940, this woman of 23 years underwent right 
pneumonectomy by Drs. N. S. Shenstone and R. M. Janes, who found a large cavernous 
hemangioma in the midportion of the lower lobe. It measured 8 by 6 by 4 em., and con- 
sisted of many intercommunicating cavernous sinuses, varying in size up ‘to 1.5 em. in 
diameter. By injection it was shown to communicate with a branch of the pulmonary artery. 

The patient had never been robust. Clubbing of the fingers was first noticed at the 
age of 15 years, and at this time she became aware of shortness of breath on mild exertion. 
When 21 years of age, she was re-examined because of chest symptoms, Cyanosis was now 
present, and a radiograph of the chest showed an infiltrating process of the right middle and 
lower lobes, which by lipoidal injection was shown not to be bronchiectatic. The hemoglobin 
was 95 per cent (14.8 Gm. per cent), and the red blood count 4.7 million per cubic millimeter. 
Over the next year and a half she became more dyspneic, more cyanosed, and more easily 
tired. Following an attack of dizziness, faintness, and thick speech, re-examination showed 
marked cyanosis and clubbing of the fingers. There was no evidence of congenital heart 
disease, and chest radiograph confirmed the presence unchanged of the shadows previously 
noted in the right lower lung. Hemoglobin was now 140 to 146 per cent (21.8 to 22.8 Gm. 
per cent), and the red blood count 9.0 to 9.6 million. Arterial blood oxygen saturation was 
72 per cent (normal 95 per cent). The total blood volume was increased. Following pneu- 
monectomy, the cyanosis disappeared promptly. Two months later, the hemoglobin was 71 
per cent, and the red blood count 4.3 million. A long standing acnelike eruption of the 
face had vanished, and her general health was improved both subjectively and objectively. 
Fourteen months after operation the clubbing of her fix crs had disappeared completely. 
She has since had two children and is well. 

From the Department of Pathology and Bacteriology, University of Toronto. 
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CasE 2.—Mr. R. B.9 At operation by Dr. R. M. Janes on Oct. 4, 1941, this man of 
30 years had two hemangiomas removed by local dissection from the right lower lobe of his 
lung. They measured respectively 5 by 4 by 3 em. and 3 by 4 by 2 em., and consisted of 
dilated and prominent vascular channels, whose walls showed irregular thickening, and were 
considered venous rather than arterial in type. At a second operation on June 25, 1942, 
two more hemangiomas were removed from the left lower lobe. They measured 7 by 2 by 1 
em. and 1.5 by 0.8 by 0.4 em. respectively, and consisted of well-defined blood spaces with 
marked cavernous dilatations lying just beneath the pleura. 

The patient had been well until 1940, when, following strenous effort during military 
training, he suffered two severe hemoptyses. Radiographs of the chest were negative, and 
repeated sputum examinations failed to show tubercle bacilli. He was discharged from the 
army, and remained well for one year save for some asthmatie attacks of indeterminate 
origin, attributed initially to his occupation. Following three further hemoptyses, he was 
referred for investigation. 

He was rather thin and pale, and lis lips and fingernails were cyanotic. There were 
multiple small hemangiomas of the lower lip, which he stated had been present for a long 
time. <A soft blowing murmur was later heard in the region of the right cardiophrenic 
angle, the chest being otherwise clear on physical examination. There was no fever, cough, or 
sputum. Tuberculin test was negative. hemoglobin was 67 per cent. The red blood cells 
were microcytie and hypochromic, a picture compatible with his recent hemoptyses. Radio- 
graphs of the chest showed two shadows in the lower right lung, and one or possibly two in 
the lower left lung field. Following his first operation he felt well, his cyanosis lessened, 
and he was capable of more exertion than formerly. The second procedure further in- 
creased his exercise tolerance. He was able to return a little later to his former occupation 
without recurrence of the asthmatie attacks. There has been no further hemoptysis. 


CASE 3.—Mr. J. N. MeA. Although a circumscribed shadow was present in his chest 
radiograph, this subjectively well young man was aceepted in 1943 for unrestricted service 
in the Royal Canadian Air Force. On discharge in 1945, when 21 vears of age, the shadow 
was present unchanged. It was round, about 5 em. in diameter, and lay immediately above 
the right diaphragm, extending into the posterior diaphragmatic sulcus. Physical and other 
examination was completely negative. His red blood cells numbered 5.1 million, and his 
hemoglobin was 107 per cent. 

Operation was advised, and on Aug. 13, 1945, Dr. N. S. Shenstone found a slightly 
pulsating tumor in the right lower lobe. <A right lower lobectomy was performed, with 
uneventful postoperative recovery, 

The specimen revealed a large endothelial-lined cavity lying close beneath the pleura 
of the lower lobe of lung. It measured 5 by 5 by 1 em. and was enclosed by a thin wall of 
varying thickness (Fig. 1). Several thin-walled vessels lay immediately adjacent to it. At 
least one of these entered the main eavity, which contained fresh blood clot. 


CASE 4.—A. H., a boy of 13 years, was definitely cyanotic when 5 years of age, and 
may have been a ‘‘blue baby’’ at birth. He had suffered since then from persistent clubbing 
of his fingers and toes, peripheral cyanosis, and a decreased exercise tolerance. He was 
rather underdeveloped, and although latterly able to walk two to three miles in comfort, 
games. 


For four years before death he had experienced recurrent temporal headaches. These ap- 


never, due to dyspnea, had he been able to run or keep up with his fellows at 


peared during the daytime about once weekly, and were somewhat relieved by aspirin. They 
would last most of the day, and were occasionally associated with vomiting. 

On Aug. 13, 1946, he underwent tonsillectomy. The operation and postoperative period 
were uneventful, he gained a few pounds: and felt well until October 25, two and one-half 
months later. On arising that morning, he felt weak, momentarily ‘‘went black,’’ and fell. 
Recovering, he continued to school, where during the day he suffered an episode of blurred 
of the jaw. <A similar attack of shorter 
duration occurred the next morning. That evening there was a true Jacksonian attack, 


vision, weakness of the left hand, and clenching 
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with continued twitching of the left eye and hand over one and one-half hours. Following 
this, he lost consciousness for one half hour. He was referred to hospital, where during 
the next few days several similar attacks occurred. These were associated with increasing 
temporal headache, drowsiness, and weakness of the left arm. He was nauseated, and 
vomited several times. 

On October 29, hissseventh day of symptoms, he was admitted to the Neurosurgical 
service of the Toronto General Hospital. On admission he was conscious, and bright mentally. 
He was poorly developed. Oral temperature was 99° F, and respirations 20 per minute. 
There was cyanosis of the lips, ears, and tongue, and marked cyanosis and clubbing of the 
fingers and toes. His chest was clear on physical examination. The heart was enlarged 
slightly and beating regularly at 80 per minute. No murmurs were heard. There was 
marked weakness of the left face and the distal muscles of the left arm. There was slight 
weakness of the left leg. Plantar responses were downward. Sensation was not disturbed. 
There was no papilledema. He was not dehydrated. Laboratory studies revealed a normal 
urine. Blood examination showed a red cell count of 6.4 million. The hemoglobin was 117 per 
cent by the Sahli method. White cells numbered 9.8 thousand. Immersion of the hands 
in hot water did not alter the cyanosis of the finger tips. This was felt to favor its 
central rather than peripheral origin. 





Fig. 1.—Case 3. The hemangioma is shown in cross section, lying close beneath the 
pleura. Its light colored wall varies markedly in thickness, and is surrounded by a darker 
zone of atelectatic and organized lung. Several small vessels lie between the atelectatic lung 
and the vascular wall. These are best seen immediately adjacent to the latter’s upper and 
left-hand limits. (Photograph 21%.) 





Roentgen study of the chest showed a slightly enlarged heart of normal configuration. 
There were mottled densities through the lower two-thirds of the right lung field, except in 
the region of the costophrenic angle. These were most marked in the hilar region of the 
lower lobe area (Fig. 2). The tuberculin test was negative. An orthodiagram showed the 
cardiothoracic ratio to be 52 per cent. Cerebrospinal fluid contained 70.2 mg. of protein per 
cent. No cells were seen. It was faintly xanthochromic. 

In the presence of cyanosis and clubbing of the fingers and toes since early childhood, 
an initial tentative diagnosis of congenital heart disease was entertained. The cerebral 
lesion was considered to be either cerebral softening secondary to vascular occlusion, or a 
brain abscess, either possibly the result of bacterial endocarditis superimposed on a con- 
genital defect of the heart. Daily blood cultures were taken, from which no growth was 
obtained. During the next week his headache recurred, and the weakness of the left arm and 
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leg increased. -apilledema appeared and became progressively more marked. Brain 
abscess was now considered the most likely cranial lesion, and accordingly a craniotomy was 
performed on November 8, the eleventh hospital day. <A large, egg-shaped, encapsulated 
abscess, measuring 6 cm. in its long axis, was found in the right Rolandic area. It was 
ruptured during removal. Preoperatively the patient had been started on penicillin, 30,000 


units intramuscularly every three hours. A further 25,000 units were instilled into the 
operative site following removal of the abscess. A culture of the abscess contents was 
sterile. 


After a’ few days of favorable progress, the boy’s headache and papilledema again began 
to increase. Aspiration of the operative site showed that the abscess had recurred, and 
from the pus obtained a pure culture of Hemophilus influenzae was grown. Subsequently, 
he underwent repeated aspiration and surgical drainage of locally recurring cerebral abscesses. 
The organism was streptomycin sensitive, and consequently streptomycin 1,000,000 units 
daily was given intramuscularly for a period of ten days. No coincident improvement was 
noted, and as the drug was in short supply it was discontinued. Enlargement of the 
craniotomy was followed by the growth of a large brain fungus. This was excised six weeks 
before death, only to recur. Teminally a meningitis developed. 





Fig. 2.—Case 4. Note the infiltration of the lower half of the right chest, most marked in the 
hilar region of the lower lobe. 


A pure culture of H. influenzae from the abseess was obtained on a second oceasion 
six weeks after its initial isolation. 

Repeat radiographs of the chest on Jan. 17 and Feb. 5, 1947, showed no change in the 
previously described shadows in the right lower lung field. In the presence of the brain 
abscess, these were considered probably inflammatory in nature, and were felt to be 
compatible with the changes of bronchiectasis. However, in the absence of cardiac mur- 
murs, and of a diagnosis of a definite type of congenital heart lesion, an arteriovenous 
aneurysm of the lung was suggested as a possible explanation of the lung shadows, the poly- 
cythemia, the cyanosis and the clubbing of the fingers and toes. The boy’s general condi- 
tion at this time prevented more complete investigation. 

At autopsy, the subject weighed 55 Ib. and measured 4 feet, 6 inches in length. There 
was marked clubbing of the fingers and toes. Through the center of a large right-sided 
parietal craniotomy a soft fuugus of the brain extended 4 em. beyond the surrounding 
scalp. On removing the brain, a heavy plastic basilar meningitis of faintly greenish-yellow 
pus was seen to extend out the lateral sulci to fade into a much less marked meningitis over 
the cerebrum. Similarly, a moderate spinal meningitis was present. The body of the right 
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ventricle was distorted, and pulled well out into the herniated brain substance where it became 
continuous with a small ragged eavity in the periphery of the fungus. Apart from a mild 
ependymitis, and the distortion of the right lateral ventricle, the ventricular cavities were 
not dilated or otherwise remarkable. There was no inflammation of the middle ears, the 
mastoid cells, or the accessory nasal sinuses. 

The heart showed moderate generalized hypertrophy. 
dilated. It weighed 180 Gm. as compared to the normal average weight of 124 Gm. for a 
The left ventricular wall measured 1.5 em. and the right ventricular wall 

The valves and valve orifices were normal. There was no functional con- 


Both ventricles were slightly 


boy of 12 years.4 
3 mm. in thickness. 
genital defect, although a probe could be passed obliquely through a minute opening in the 


basal portion of the interventricular septum. The foramen ovale was closed, and the ductus 


arteriosus obliterated. 





Fig. 3.—Case 4. Note the satellite loculations in the lower right corner, lying peripherally about 
the main cavity of the hemangioma. The markers lie in communicating blood vessels. 


The lungs were of normal size, grayish pink, and crepitant throughout. On dissection a 
large endothelial-lined blood-containing cavity was found lying closely beneath the pleura 
of the hilar aspect of the right lower lobe (Fig. 3). This presented a main cavity measuring 
4.5 by 2.5 em., from the lower corners of which there were two large extensions. A lesser 
blind pouch extended upward, while on its lateral wall there was another irregular sacculation. 
When filled with blood, the whole may have measured less than 1 em. in thickness, the flat 
axis lying parallel to the pleural surface with which in places its outer wall was in contact. 
Around the periphery of the main cavity there were several small satellite loculations measur- 
ing 3 to 6 mm, in diameter. These communicated irregularly among themselves, and with 
the main cavity. Two communications were noted between the main cavity and the vascular 
tree, one through a thin-walled vessel 3 mm. in diameter, and one through a rather thicker- 
walled vessel 5 mm. in diameter. Other communications may have been destroyed in the 
initial rough dissection. No intrapulmonary source of infection was demonstrated. 
Microscopie sections through the periphery of the main cavity showed the multi- 
loculated structure, and extreme variation in thickness of the cavern walls (Fig. 4). Some 
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generalized increase and heaviness of the vascular tree was demonstrated in the other lobes, 
this being most marked in the right lung, although also present to a lesser degree in the left. 
The vessel walls were prominent and irregularly thickened. The adjacent lung parenchyma 
showed in many places a patchy atelectasis and fibrosis. 

Microscopic examination of the wall of the abscess removed at operation on November 
8 showed a well-defined fibrous capsule. Although no definite age could be assigned, it was 
considered to have been at least six to eight weeks old. 








a sy agen ie hae ae an ee eae Sanam the p> gg The 
wails of the vascular spaces vary markedly in thickness. (Photograph x8.) 
DISCUSSION 

Hemangiomas of the lung appear to be local manifestations of a general- 
ized congenital tendency to maldevelopment of the blood vessels. As in 
Janes’s ease,? they may be multiple, and associated as in three other reported 
cases with hemangiomas of the lips. Similarly in Case 4, the abnormal vas- 
culature seen in the other lobes of the lung again supports a more generalized 
structural abnormality than was at first apparent. A familial tendeney is sug- 
gested by Goldman’s report® of hemangiomas occurring in each of two brothers. 
The lesions may consist of multiloculated vascular structures, or may present 
one large central dilatation with or without surrounding satellite loculations, 
with varying degrees of communication with the main pulmonary vessels. The 
presence or absence of symptoms largely depends on the extent of these com- 
munications, and on the volume of blood passing through them. 

A few patients, as in Case 3, may escape any untoward effects of the 
lesion. In them, diagnosis will result only from the incidental finding of an 
abnormal lung shadow on chest radiography performed for other reasons. How- 
ever, it would appear from Case 1, and from the ease reported by Makler and 
Zion," that both the symptoms and the radiographic findings may progress. 
It would seem probable that eventnally all or at least most patients will develop 
symptoms, 
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Blood passing from the pulmonary artery through the lesion to the pul- 
monary veins will return unoxygenated to the left heart. Depending on the 
extent of the communication with the pulmonary vessels, and on the volume of 
blood flow, this will lower to a varying degree the oxygen saturation in the 
systemic circulation. If this lowered oxygen saturation is marked, dyspnea and 
cyanosis may result, with secondary clubbing of the fingers and compensatory 
polyeythemia. The polyeythemia in turn may bring its accompanying com- 
plications. The patients reported by Dauphinee and Hepburn,* and by Smith 
and Horton,’ both consulted their physicians following episodes of dizziness, 
faintness and thick speech, possibly the manifestation of thrombosis in cerebral 
vessels. 

Again, as in Case 2, hemoptysis may be the presenting feature. This may 
be of extreme degree, as in the fatalities reported by Bowers* and Rodes."* 


Prior to operation, Case 1 had suffered for years from intractable acne 


of the face. Two months after operation and the correction of her cyanosis, the - 


eruption had completely disappeared, suggesting that the previous relative 
anoxia may have been a factor in lowering the resistance of her skin to infee- 
tion. Possibly a similar factor of lowered oxygen saturation may have favored 
the development of the brain abscess in Case 4, and of brain abscesses in other 
eases of cyanotic eardiorespiratory diseases. Robbins'® reported three cases of 
brain abscess associated with the tetralogy of Fallot occurring among fifty- 
three cases of congenital heart disease encountered among 7,880 autopsies at 
the Mallory Institute. Although small, this series would suggest that brain 
abscess occurs more frequently than usual in cases of cyanotic heart disease. 
Of a total of twenty-four reported cases of brain abscess occurring in cases 
of congenital heart disease, thirteen were associated with the tetralogy of Fallot, 
a condition resembling Case 4+ both in the presence of evanosis, and of an 
arteriovenous shunt which may sidetrack the pulmonary eapillary circulation. 
It has been suggested that infection of the brain in congenital heart disease 
may occur either by growth of bacteria from the blood stream in an area of 
encephalomalacia secondary to cerebral vascular occlusion, or by infective 
brain embolism.1® In Case 4, and in the majority of the thirteen tetralogie: of 
Fallot, no primary source for such an infected embolus was demonstrat: 
Nor was there, in Case 4, any particular episode suggestive of cerebral vaseuiar 
ocelusion prior to the onset of symptoms directly attributable to the abscess. 
It is interesting that in two of these thirteen cases, as in Case 4, the infecting 
organism was HH. influenzae,” an unusual cause of brain abscess. It has not 
been seen previously in the Department of Pathology at the Banting Institute, 
and apart from the above, only one other case was noted in the recent litera- 
ture? As a cause of meningitis it is common in infants and not uneommon 
in children.'® It ean occur in the normal respiratory tract. It has been isolated 
in cases of sinusitis, and of various infections of the lungs. In the latter, it 
has been grown from the blood of living patients. A specifie tonsillitis has heen 
ascribed to it. Culturally, it is an obligatory anaerobe which grows best in an 
atmosphere 10 per cent of which has been replaced by carbon dioxide. Hemo- 
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vlobin or one of its compounds is almost essential in the media for its 
laboratory growth."* 

From the age of the abscess as determined by the structure of the abscess 
wall removed at the initial operation, the cerebral infection occurred at least six 
or eight weeks prior to the onset of symptoms. In the absence of any other 
foeus, it seems likely that the primary infection was in the throat. Infection 
of the brain could have followed the tonsillectomy on Aug. 13, 1946, either by 
the passage of an infected embolus from the site of operation through the 
arteriovenous shunt in the lung, or from a transient bacteriemia occurring 
during the operation. In the latter case, growth in the brain may have been 
permitted by lowered tissue resistance secondary to relative tissue anoxia. 
More likely, it occurred in a minute and clinically unrecognized area of 
encephalomalacia, the result of thrombosis secondary to the polyeythemia. Such 
a site would reproduce to a great extent the optimum laboratory conditions 
for the culture of IT. influenzae. 

It is evident that hemangiomas may in effect function as arteriovenous 
shunts of the lung, and in this capacity produce symptoms varying in degree 
from negligible to disabling. Its complications, in the form of hemoptysis and 
cerebral lesions, may prove fatal. As the lesion and its effects are usually 
amenable to complete cure by surgery, its correct diagnosis assumes particular 
importance. Diagnosis will depend primarily on the consideration of such a 
lesion by the clinician as a possible explanation of a patient’s presenting 
symptoms. It should be considered in the differential diagnosis of all unex- 
plained eases of cyanosis, clubbing of the fingers and polyeythemia; in all 
“ases of unexplained hemoptysis; and in all eases of indeterminate radiographic 
lune shadows. 

SUMMARY 

Four cases of hemangioma of the lungs are reported, one of which was 
complicated by a brain abscess due to 7. influenzae. The pathology, symptoms, 
and complications of hemangioma of the lung are discussed briefly, as is the 
possible relationship of the pulmonary and cerebral lesions of the last ease. 
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THE USE OF OXIDIZED CELLULOSE IN PLEURAL SYMPHYSIS 


JaMrEs D. Murpuy, M.D., Oreren, N. C., AND JoHN R. McDaniet, M.D.,* 
St. JosEPH, Mo. 


XIDIZED cellulose was first prepared by Yackel and Kenyon! in 1942. 

Its use as a hemostatic agent in surgery has been reported by Frantz* * 
and others.** 

During the past few months we have investigated the possibilities of using 
oxidized cellulose as a mild irritant inserted in the extrapleural space to produce 
local pleural symphysis preliminary to catheter drainage of large tuberculous 
tension cavities after the method of Monaldi,’ or open drainage through a skin- 
lined fistula as described by Eloesser.? The use of an extrapleural irritant is 
not new. Sarfert!? as early as 1901 used an extrapleural gauze pack preliminary 
to draining a pulmonary cavity. In 1919, Bevan'' suggested the use of gauze 
soaked in iodine or iodoform gauze placed extrapleurally to secure symphysis 
of the pleura prior to drainage of lung abscesses. The extrapleural use of cotton 
eauze with or without the addition of another irritating substance to produce 
adherence between parietal and visceral pleura prior to drainage of a pulmonary 
cavity is a standard procedure. We chose an absorbable gauze because it would 
allow the irritant to be left in place for any length of time. Furthermore, 
Monaldi drainage could be instituted by insertion of a catheter through a trocar 
cannula without the added procedure of incising the skin and muscle in order 
to remove a nonabsorbable pack. 

To date, oxidized cellulose has been emploved in twelve cases. <All of these 
patients had far-advaneed, bilateral tuberculosis with large tension cavities, 
usually on one side. In each instance the absence of pleural symphysis was 
demonstrated preoperatively by needling the pleural space nearest the cavity 
and obtaining the normal intrapleural pressure readings on a water manometer 
and, in addition, by the injection of Lipiodol into the pleural cavity in three 
of the eases. In several instanees previous fruitless attempts had been made 
to secure pleural symphysis by the intrapleural injection of small amounts of 
the patient’s own blood. 

The point at which the cavity lay nearest to the surface of the chest was 
determined by x-ray in various positions and with metal markers. This point 
was usually in the axilla on the involved side at the level of the second inter- 
space. In one ease an anterior and in another instance a posterior approach 
was used. General inhalation anesthesia was employed in all except one ease, 
which was done under local procaine infiltration, The endothoracie fascia was 
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approached through the intercostal muscles and the fascia stripped from the 
inner surface of the adjacent ribs and intercostal musele over an area approxi- 
mately 8 em. square. One or two Oxyeel* gauze sponges were placed in the 
space so created. The musele, subcutaneous tissue, and skin were closed in 
layers over this pack. At periods ranging from ten to thirty-nine days after 
the first operation, pleural fusion was ascertained by failure to demonstrate free 
pleural space at the operative site on repeated attempts at needle aspiration. 
In all but one ease, to be discussed below, satisfactory pleural symphysis had 
occurred. Subsequent to demonstration of pleural fusion in cases where 
Monaldi drainage was planned, the cavity was located by aspirating with the 
needle attached to a water manometer. When the cavity was found, a catheter 
was inserted through a trocar cannula. In most instances, the cavity was located 
with little diffieulty. In no ease was there any evidence postoperatively of 
pleural space contamination. 

In one case where a cavernostomy through a skin-lined fistula had been 
planned, the site of the Oxyeel pack was opened after ten days and the under- 
lying pleura incised. Although fusion of the two pleural layers had oeeurred, 
the area of symphysis was not in the optimum location to insure adequate 
drainage of the underlying cavity. A second Oxyeel pack was inserted and 
three weeks later the pulmonary cavity was opened through satisfactorily fused 
pleural layers. 

Minor complications occurred in two patients with severe, spreading pul- 
monary tuberculosis. In one, the wound edges separated on the seventh post- 
operative day and a hematoma was evacuated after which healing by secondary 
intention occurred. In the other patient, the wound became painful and in- 
durated but did not break down, and by the twelfth postoperative day signs of 
inflammation had disappeared. In each instance, thirty days after the insertion 
of the Oxyeel pack, catheter drainage of the underlying cavity was successfully 
accomplished through the site of the original operation. 

In the case in which the drainage was established through a_ skin-lined 
fistula, the inflammatory reaction in the area previously occupied by the 
absorbable gauze could be noted at first hand. At the end of ten days no 
remains of the gauze were seen, but a moderate amount of serous fluid was 
present in the space previously occupied by the Oxyeel and there was marked 
inflammatory reaction in the subcutaneous tissue and surrounding muscle. The 
underlying parietal pleura was thickened and opaque. Microscopie examination 
of a section of this thickened pleura showed dense fibrous tissue moderately 
heavily infiltrated with round cells. 


SUMMARY AND CONCLUSION 
A method of producing localized pleural symphysis prior to transpleural 
drainage of tuberculous pulmonary cavities is presented. Results in a limited 
series of cases following the use of an extrapleural pack of absorbable gauze 
seem to indicate that satisfactory symphysis oceurs. 


*Oxyvcel = Trade name of oxidized cellulose prepared by Parke, Davis & Company, 
Detroit, Mich. 
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